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FOREWORD 


N O class of microoi nanisms has Iuh^i inon^ intimately associated 
with the |)r()f>;r(\ss and d<‘'‘'^‘lopin(^nt of th(‘ human ra(*(^ tluin tlic‘ 
yeasts. wSince^ ih(‘ (‘arli(\st times, th(*s(‘ mierodriJimHsms liav(‘ 
been used to hrinp; about, changes which it would havi^ Ikh^u (iii!i(mlt to 
have accompIislH^i by otlua methods. Hinct^ micn’oscopicM^xaminat ioiis 
have revealed the ])ieHtmc‘e of yi^ast c<dls in bread found with ICgyp- 
tian mummies, it is known that these ihr)J)1(" wciv familiar with 
yeast fermentations, although tlu^y proljably did not hav(‘ (‘xplana- 
tions for the changes which were observcal. Th(‘ Norstmum pn^panal 
an alcoholic drink from milk, jus is done today by ctaiain noriiadie 
races, the fermeuitation of whi<di was, in i)art, (’uustHl by yi^asts. To- 
day we find tlu* yc^asts of (wcu’-incnaising int.c‘r(‘Ht and imiK)rtan(u^ 
The food microbiologist must undta^staml thc^ physiology of these 
organisms if is to suc(‘(\ssfully (‘opc^ with tluan. Th(*y an^ assuming 
greater importamu^ in nu^ditam^, (\sp(^cially in nTttion to certain de- 
ficiency diseasc^s, (constipation, and skin infcKdions. (Incut industriccs 
have beem (istablisluid which nest entincly on tluc eh(‘mi<uil changes 
brought about by yc^asts and tiucir enxyme^s; sonac of tlucin would Ikc 
developed with difficuilty, were it neca^Hsary U> \ih(c stritdly (duani(cal 
methods. Tlac (R)mpr(ss(cd yeast industry itsedf lais n^acduKl a high 
state of (lev(doi)numt with its s(cv(cral factori(»s lo<»at(cd in difTcu'ent 
parts of Ameri(^a and distributing agemni^s iri praeticndly all of the 
cities and villagccs. Many industriics hav(c Imm gr(*atly (duingtsl l)y 
the availability of fnesh, active yeast wlacnevcT it is msaled. Despite 
the facts that yeeasts have alwa^’^s IxHcn of great signifK^anc'e to the 
human race and that tlucy will probably hav(c great(‘r significtanc’e in 
the future, it remaiiKcd for Gviilliccrmond to colkact th(‘ various data, 
whicdi have accumulatccd in regard to them, into ora^ volume. Several 
treatis(cs have benm prepared which <leal with th(c yeasts in nchition to 
fermentations, l)ut no real definitive tneatise on the ycMists, as such, 
has appeared which is comparable to the volume preparcxl by ( hiillier- 
mond, llie investigations of this authority make th(^ book especially 
valual)le. These facts made it secern advisable to translate the vol- 
ume for publication in the English language in ordew that the data 
might be availal)le to tfie practitioners and students who do not read 
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the French language. It is sincerely hoped, however, that the r< 
of this book into the English language will in no way inh 
study of the French language — that language in which : 
Bernard, Magendie, Berthelot, and others have published thei 
investigations. 

This English edition is based on Guilliermond^s Les L( 
which was published in 1912, appearing as a volume in the sec 
Cryptogamic Botany of EncyclopMie Scientifique. This scries i 
under the direction of Doctor Toulouse. To merely trar 
volume on a subject which is being developed as rapidly 
yeasts would be entirely inadequate. Consequently with the 
oration of Professor Guilliermond, the translator has addec 
new material which has been published since 1912. With< 
assistance of Professor Guilliermond, this could not have l)e( 
as completely. The English edition may not, then, be regard 
mere translation of the last French edition. 

The rendition of a text from a foreign language into the 
language is beset with difficulties which are most clearly app] 
by those who have performed similar pieces of work. In a 
a literal translation has not been attempted; however, the c 
of the original author have been given as closely as possible 
trusted that this English edition will make it easier for stud 
pursue their study of these important microorganisms and 
practitioner to more easily solve the problems with which he 
cope. I owe many thanks to my colleagues, too numerous t 
tion here, for expression of their advice at various times i 
their interest during the progress of the work. 

University of Illinois Frbd W. TaJ 

Urbana, Illinois 
June, 1919 
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S INCE the cclehrated nicnioir by Pasteur on alcoholic fermenta- 
tion, the yeasts have never ceased to assume an (^ver-incrtiasing 
importance in agriculture and the industries. The classic investi- 
gations by Past(Hir, followed by those of Hansen, have shown the 
profit that may result from a methodical study of various species 
of yeasts, by a knowledge of the conditions lUHH^ssary for their ckivelop- 
ment and biochemical (^haracteristi(;s for application to the fermenta- 
tion industries. No one may overlook the iKuudits which came to such 
industries by the use of pure cultures and selected HjKK’ies, and the 
avoidance of yeasts which caused defectts in fc^rmenhal products. The 
fermentologists have also benefited greatly by theses nu^thods. Finally, 
the relatively recamt investigations have shown the relationship of 
yeasts to certain dis(»as(‘s in man and animals. 

From a purely tht‘or(di(tal point of view th(^ y(uists, on account of 
the facility with which tlu^y allow themselves to be (Uiltivated in artifi- 
cial media, and by the relativ(dy large size of i\mr cells, are especially 
favorable objects for exp(irimentation ui>on which very important 
investigations of physiology, cytology arul sexuality have IxHm made. 
They have contributed appreciably to the progn^ss of general physiol- 
ogy and biology. 

It seemed useful to me to collect into one book all of the knowledge 
required on the morphology, physiology and taxonomy group of fungi, 
and to arrange it in such a manner that the data would be available 
for biologists, practitioners in industrial work, agriculturalists and 
physicians. That is what I attempted to accomplish in the little 
volume published in the EncyclopSdie Sdeniifiqm under tihe editorial 
Bupervision of Dr. Toulouse. 

Professor Tanner, of the University of Illinois, undertook the 
translation of this book into the English language in order to render it 
more accessible to American students and American investigators. 
This is indeed a great honor to me, one which I did not dream of when 
I prepared this modest work a few years ago. I am very happy to 
have this indication of friendship bcitween scientific America and 
France, a friendship which I hope may become stronger and stronger. 
One sufficiently understands the significance of a scientific alliance of 
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two nations which by their individual characteristics supplement each 
other. France claims such great teachers as Lamarck, Claude Bernard, 
and^Pasteur, true pioneers in the field of biology. By her spirit per- 
haps, too traditionalistic and suppressed by old administrative ma- 
chinery, she has not always understood fully the real utility of her 
universities and given to her scientists the necessary means for carry- 
ing on their work. On the other hand, America, with no such rich 
heritage from the past, has built up modern laboratories with a new 
spirit and equipped them with the necessary resources. She probably 
possesses the greatest universities in the world. She lays claim to able 
investigators and, thanks to her marvelous scientific organization and 
to her numerous investigators, is sure to gain very rapidly a foremost 
place in the scientific world. If the American savants have the desire 
to profit by the discoveries of the French, their elders, France has 
much to gain by imitating America in her practical ideas, her spirit of 
organization, her methods of work, and her tremendous activity. 

The book which Professor Tanner has undertaken to present to the 
public cannot be regarded as a simple translation of my work; it is a 
new edition resulting from intimate collaboration of translator and 
author. Microbiology is progressing so rapidly that the French edi- 
tion, now six years old, is no longer abreast with recent acquisitions of 
the science. It was found necessary to make numerous editions and 
to modify certain chapters in which Professor Tanner and myself have 
shared the labor. Professor Tanner, known by his work on the bio- 
chemistry of bacteria, has undertaken the revision of the Chapter on 
Physiology of the Yeasts which was no small task, for since the dis- 
covery of zymase by Buchner, the biochemical investigations on yeasts 
have followed each other without interruption and have become in- 
creasingly valuable. As for myself, I have borne the task of revising 
the Chapters on Morphology, Phylogeny and Description of Species, 
subjects with which I am more familiar. Professor Tanner had, then, 
a preponderant part in the translation of this new edition and the 
book has certainly gained much by the collaboration of a physiologist 
so well qualified. 

Alexandbe Guilliermono 

Lyon, September 8, 1919 
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INTRODUCTION 

What are Yeasts? 

U NDER the of y(‘asls hav(» IxH^n gi^iu^rally grouped all ini(;ro- 
organlsins whi(‘h, wlu^n placcMl in sugar solutious, d(H*oinp()se 
them into alcohol and (‘arhon dioxide ™ -(^aust^ al(‘oholie fermen- 
tation. Knowledge with n^gard to the clu^micuil projHai.i(\s of ilu) ycaists 
has, to a great exUait, preccuUnl that with n^gard to dunr nature. 
Tlu^ old word yeasts (Fr. levurc - Latin Imr) whi(‘h (‘mphasiz<‘d 
their chemical propertic's dat(^ from an (‘ixxth wlum no att(‘ntion was 
given to their biologi(;al significances or nature'. But today the 
name yesiist luis takem on a resstrictesd mesaning among hotanists. 
In the botanieuil semse, yes^ists are unie*ellular fungi e)f hiocheanie^al 
intesresst, Hpfusrieal or emil in shajK', and which multiply by budding. A 
ycMist, thesn, is a fungus witli s{Kscial me)rphology. He' that as it may, the 
term is not appliesd to an indesfmite group of fungi but to a natural one. 

Mariy fungi, mores or lesss dcv(de)pe'el, living normally with a myces- 
lium ares a})le te> resprodueus by budeling of thesir filamesnts, to foriii 
(ieslls which have thes shape's e)f yesjists. Tlu'se multiply in thesir turn 
by budding anel restain the fe)rm of yesasts fe)r many ge'iUTations. 
(Fig. 1.) The basieliospesre's e)f eserttiin BaddunnyceteH {Calami ms- 
cma) anel asese)spe)re‘s of esesrtain Ammiycelei^ {Sphciamlina intmnixta 
Taphria) gives rises te) yesasts anel it is e)nly aftesr living fern a esesrtain 
time in this form that the yesast ese'lls esle)ngate filamemts anel produce 
a myceslium. Ame)ng the Udiluginaksj thes spe)ridia, wliiesli spring 
from the preanycelium, esxist alse) in thes shapes of yesasts; it is this 
state in which thesy elesvelop, anel which tlu'y constant ly re'tain wlien 
cultivatcsd in artifiesial mesdia. The Muce>rH, whesn plaesed in sugar 
solutions, are able to elissociate their filamesnts into round l)odiess, e)r 
buds, in a similar manner as the yesasts. DmutUum pullulans (Fig. 1), 
a mold with a wesll-diffe'resntiatesel myceslium, proelucsess in a re'gular 
fashion, by budeling of its filaments, num(sre)us yesjist esonidia; when 
these arc cultivateel undesr certain conditions, they are transformed 
with elifficulty into rnyeseslium. Vegestation with forms like yeasts 
is, then, rather widespread among the fungi. 

Aside froitx the'sc'. fungi, in which yeast forms are merely stagers of 
development, the^re arc others whie^h live constantly in the forms of 
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yeasts. These do not present a true mycelium at any tmuv 
reproduce at times by elongation of their colls which 
together, forming structures resembling mycelium; but th<\so nmoi 
offer the complexity of a typical mycelium. In the category of yca.s s 
belong the alcoholic ferments and all of the fungi more goma-ally 

known under the name of yeasts. , n • 

These yeasts, which are often designated as true yeasts m 
contradistinction to “yeast-like fungi” derived from iiion^ highly 

developed fungi, are not distinguishalile m 
any manner from the latter. 'Fhe general 
form and the internal cliara(h.eristics of thi^ 
cells are the same in both casi's. Physi- 
ologically, certain true jaiasts diffi'r only 
from yeast forms of mokls by their ri'sist- 
ance to anaerobic conditions and excej)- 
tional activity of the fenneiiting function, 
but very many yeast.-like struct urea, de- 
rived from fungi more highly developed, 
are equally capable of producing alcoholic 
fermentation, and only difTc'r, from thia 
point of view, from triii' 3’(“asts by a de- 
creased activity of fermentation. On th(‘ 
other hand, a certain number of triK- 
yeasts are totally (liqirived of th(' fernumt- 



Fig. 1. — Demaiium pullulans. 


1 to 4, Mycelium Forming Yeasts; 5, 

Yeast-Like Bodies in i^-ocess of ing functiOU. It is tlien, llOW 

Buddin-g (after Loew). ® 

the early invcstig;at()rs were, much coiifumHi 
when it became necessary to characterize the yeastH. 

In the meantime, an essential difference which did not (‘HcajK'? 
investigators existed between the yeast-like fungi and tine 
properly so-called. Indeed, most of the true yeasts an^ distinguishtHl 
closely from “ yeast-forms by their aptitude to produ(*(‘ rtvistant 
endospores at certain stages in their life cyciles (unfavoral)le 
ditions), in the interior of their cells; the cells are th(‘n transforincHl 
into sporangia. De Bary, Rees, and Hansen first compared 
sporangia to ascs of Ascomycetes, considering the true yeiists as auton- 
omous fungi which live only in the form of yeasts and are incapable^ 
of developing a mycelium. 

This conception is definitely admitted today, as we shall 
when the origin and systematic relationships of the yeasts are takem up. 
The autonomy of the yeasts and their incorporation as a gi'oup of 
Ascomycetes have been demonstrated only since Hansen observed their 
life cycles in nature and since certain investigators have given evi- 
dence in the origin of the asc of certain yeasts, of the presence of 
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a H(^xuality cjuite^ (*oinparal)Ie to that which m o})serve(l in the lower 
Am>mycdes. yeants niak<^ up a family of the AscomycGtes 

known m SaccharomycefcH. 

TrueycntHtH lu^via* produce (nulo- or aseosporcs. Do they represent 
forms dtniviHl from mor(‘ highly developed fungi and mad(^ constant 
by a long adaptation to this (‘ondition? Or, are thc^y true Saccharo- 
my(a‘tc\s having lost, by a siuies of unknown circumstamra, their apti- 
tudes of forming sjamns? Wes shall sens that a didinites loan of this 
eliarac’tcnistic has oftem b(M*n prov<‘d among tins Saccharomycet(‘s 
during ecuiain siKaual (‘onditions. B(s that as it may, tins origin of tins 
yeasts is tudindy ignonsl; tlu^ SaecharomyceU^s urc^ them separated 
and regardcHl as y(*as(H (if une(u*tain origin. In this hook, we shall 
examimM^xtendcHlIy only thc^ true ycuists; first, yt^tists with ascospores, 
or Haccharomy<‘(d(‘H; H(*condIy, thosc^ cells which (^xhifiit all ihn 
characd(*risti<‘s of Ha(’(diaromy(^(d(*H witli thci <!X(‘(‘ptiori of as(‘OHpore 
formation and which, from the alK)ve, one might call irseudo-yetistB. 
All of thos(^ yeast-like striu^tures of otluT finigi will l)e ra^glectted. 
True* ycaists nm very abundant in natund ov<t five hundred are 
known. The limits of our study must 1 k‘ ratlu'r wide. 

History of the Study of Yeasts 

Th<! study of y(*jists is intirnahdy fiHso(;iat(Ml with that of fermen- 
tation. Tlu^ idnii that alcoholics huanentations an^ (^auscnl by living 
organisms origimiltHl with Linnt"\ In 1()H() I^^nvcmhcK^k first d(v 
scrilHHi th(* yt'iiHis. Ilt^ descrilH^d them as g!ob\ilar b(Kli(*H, oval or 
splu^rical in shajK^ In l7fH) Fabroni {a)mi)ared ycMists to albu- 
minoids. Abcnit 1825, and for some tim<^ aft(T this, Mitscherlick, 
('agnard-Latour, H(’hvvann, and Kiitydng dcunonstrated that In'er and 
wirn^ y(*astH w(‘rt^ (‘ompos('d of cells which multipli(xl by budding. 
In 1839 Schwann obm^rvexi, for tlu^ first time, endospon^s in yeasts. 
He |)roved that tluw might b(^ fr'eed l)y a rupturing of the cell wall. 

But tlu^ nature^ of ycauits luis beam definitely known since the 
|XU 1 (m 1 in winch Pasknir commcn(HKl his inve^BtigationB on fermenta- 
tion. Up to this time, it was known that Ik^cx yeast multiplied 
when intrcKlucaKl into saccharine wort.; it was believed that it was 
formed spontancaaisly and that, in the yeast, was an occult force 
wliieh produced tlie fermentation; that was all there was to it. 
With Pasteur, dcTmite knowledge with regard to yeiwts commenced. 
It was in 1859 that he established, by his memoral)le experiments 
which cannot be reproduced here on account of tlie lack of space, 
that fennentation is correlative with the life of yeasts. Some years 
later, he demonstrated the impossibility of spontaneous generation 
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and introduced the methods of pure culture which permitted a mor- 
phological study of yeasts. 

After this, the yeasts were subjected to many investigations. In 
the meantime, the methods of culture were not quickly taken up, 
and their perfection was rather slow. It was also difficult for the 
earher investigators to distinguish between yeasts and other microor- 
ganisms which developed at the same temperature. The early work 
on yeasts conflicted with the erroneous conceptions of the pleomor- 
phists who maintained that the microorganisms could be reduced to 
a sniall number of species capable of exhibiting different shapes de- 
pendent upon the conditions. About 1871, Bechamp reported that 
the acetic acid bacteria could change into yeasts. In 1872, Trecul 
thought that he had obtained the transformation of the spores of 
Penicillium glaucum into yeasts. In 1875, Robin stated that many of 
the yeasts (Torula cerevisiae, My coderma cerevisiae) are, with Peni- 
cilliwn glaucum, only forms of the same fungus. A little later, how- 
ever, very careful investigations were reported. Between 1868 and 
1870, Rees observed endospores in many species of yeasts, and gave 
the first accurate description of these organs. This was followed by 
the work of Engel, Seynes, Brefeld, and de Bary. The last of these, 
in his “Morphology and Biology of the Fungi,” classed the yeasts 
among the Ascomycetes, 

The introduction and perfection of pure cultures permitted the 
exact morphological studies of the yeasts. This was the work of 
Hansen, who is the true founder of this study, and whose name 
marks a second step in the history of the yeasts. Through his careful 
investigations for a period of 30 years, this mycologist perfected 
methods which were introduced by Pasteur for culturing and isolat- 
ing the yeasts. He succeeded in inoculating cultures with a single cell 
and separating one species from another. By careful studies on the 
morphological and physiological properties of yeasts, Hansen found 
the characteristics which allowed the differentiation of one species 
from another. He has thus been able to characterize a large number 
of species the majority of which are known. Hansen is responsible 
for our knowledge of the life cycle and the systematic relationships 
of the yeasts. In recent years, he has proposed a classification which 
has been universally accepted. 

The third step in the study of yeasts was the discovery, by Buch- 
ner, of zymase, which allowed a considerable advance in the study of 
yeast nutrition and the mechanism of alcoholic fermentation. Thus, 
as has been said, three names, Pasteur, Hansen and Buchner, remain 
intimately associated with the study of the yeasts and will con- 
stitute the pivot about which our investigations will center. 
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CHAPTER I 

MORPHOLOGY AND DEVELOPMENT OF YEASTS 

General Characteristics of Yeasts. The Different Phases in 
Their Development 

T he yeasts are unicellular fungi; generally, they live in isolated 
states. After they have acquired a certain size, they divide and 
produce daughter cells which are not slow to separate, enlarge, 
and divide in their turn in the same manner. 

In almost all of the yeasts, cellular division takes place by budding 
or gemmation. There are a few species from warm climates in which 
multiplication is effected by transverse division. By reason of this 
particular method of division, these species have been brought together 
into a special group and named Schizosaccharomycetaceae. 

Budding consists in the appearance, on any side of the cell, of a 
little bud which slowly increases in size until it ultimately becomes a cell 
identical with the mother cell. 

Partition simply consists of the formation in the middle of the cell 
of a wall which divides the cell into two daughter cells of equal size 
which grow eventually. 

When division of the cell takes place rapidly, it often happens that 
many buds are formed simultaneously at different points on the sur- 
face, and these daughter cells begin to multiply before separating. 
This forms a little colony, or conglomeration, of cells. The same phe- 
nomenon is observed in the case of the Schizosaccharomycetaceae. 

In old cultures and under certain conditions, the cells remain united 
in long chains; this gives the appearance of a mycelium, but it always 
remains in a rudimentary state. 

The yeasts are then able to present two forms: one, which is most 
frequent, represents the normal type of vegetation. • In this the 
cells are isolated or united in little groups; the other, which is quite 
exceptional, is the filamentous or mycelial state. 

When the yeast finds, in the medium in which it is cultivated, favor- 
able conditions for growth, it divides actively until the conditions 
become unfavorable from the lack of food or the accumulation of 

5 
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products of metabolism; it ceases, then, to divide and produces or^ 
ganisms which allow it to perpetuate itself over unfavorable con- 
ditions. 

Will and Casagrandi, under these conditions, have observed cells 
filled with reserve products (fats and glycogen) enclosed in a thick 
wall. They offer a great resistance thanks to these reserve products, 
which they retain for a long time during suspended activity, until 
favorable conditions allow them to develop again. The cells, which 
are comparable to cysts, have been designated under the name of 
“ durable cells.^’ 

But the ordinary process employed by the yeasts for perpetuation 
of the species is sporulation; a certain number of internal, or endo- 
spores, are formed in the interior of each cell. The cells are thus trans- 
formed into a sort of sporangium which is called an asc. The spores or 
as cospores formed in these ascs are endowed with a great resistance 
against external conditions and during years of suspended activity. 
When placed in favorable conditions, they swell up and rupture the 
asc wall to become free. They then offer the appearance of vegeta- 
tive cells and multiply in the ordinary way. 

In certain species, the formation of the asc is preceded by a sexual 
process; the asc then results from the fusion of two cells — a copulation 
as in the case of an egg. In other species, sexuality is maintained in a 
lower state of development; in this case, it takes place between two 
spores at the moment of germination. In the greater number of yeasts, 
however, no sexuality has been observed. 

Many of the yeasts, as Torula and My coderma, do not. form endo- 
spores. We shall investigate successively, in this chapter, the mor- 
phological characteristics of yeasts: the form and shape of the cells, 
mycelial formations, durable cells, cellular division, formation of the 
asc, sexuality, and germination of ascospores. 

Forms of Cells 

The yeasts offer forms varying usually from^ a sphere to an ellipse. 
They possess quite a thick membrane. The greater number of 
them have a colorless interior containing vacuoles and refractive 
granules. Often, a red pigment may be observed, sometimes a brown, 
gray or yellow one; in this case it is probably not a true Saccharomyces 
but a yeast without endospores. However, Hansen ^ has observed a 
rose-colored yeast which did produce endospores. The dimension of 
yeast cells varies between from 1 to 4 or 5 in width and from 1 to 5 
or 9 jLt in length. There is a great difference in the cells of the same 
species. The yeasts are very polymorphic and are capable of assuming 

^ Hansen, E. C. 1879. Comp. Rend, des trav. du lab. de Carlsberg, 24. 
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different forms, depending upon the medium in which they are culti- 
vated and their age. It is thus, for example, in old cultures that the 
wider cells diminish generally at the expense of the longer ones. The 
different species of yeasts have somewhat the same 
shape and are distinguished with some difficulty from 
one another. If >S. cerevisiae is compared with S, 

Pastorianus or S. ellipsoideuSj quite noticeable differ- 

ences are apparent. While S. cerevisiae usually pre- ^ 

sents round cells and S, ellipsoideus egg-shaped cells, 

S, Pastorianus presents, to the contrary, elongated 

cells, often in the shape of a sausage. But besides ^ 

these elongated forms, one may find in cultures round 

cells which may scarcely be differentiated from S. visiae (after 

cerevisiae or S. ellipsoideus. On the other hand, in Hansen). 

culture of S. cerevisiae and S. ellipsoideus may be found round cells, 

and also elliptical cells which bear much resemblance to S. Pastorianus. 

It is thus apparent that these three species may 
be closely differentiated by the shape of the 
cells. There is always a predominating form 
Q- which attracts attention; with S. cerevisiae the 

QSz>o <5^ predominating form is round; with S. ellipsoideus 

elliptical, while with S. Pastorianus it is 
most frequently elongated. 

Yig.Z.-^Saxicharomyces The majority of the yeasts, notably those of 


Pastorianus (accord- industrial importance (beer, alcohol, wine and 
ing to Hansen). cider), present a mixture of spherical and elon- 
gated cells. Although this is the case, a predominating form exists 
which may be of three types, the cerevisiae type, the ellipsoideus 
type or the Pastorianus type. . 

Among the yeasts, which are very numerous and in which the cell 
shapes are variable and in- ^ ^ ^ 

definite, are often found 6 fi 7 

certain species, or groups n ^ ^ v ^ ill jj /p ^ 

of species, in which the cells ^ A ? ^ ^ (J y 
present a characteristic 

shape and which are sepa- 4 . - Showing the Different Shapes of 

rated closely from the pre- Yeast Cells. 


Fig. 4. — Showing the Different Shapes of 
Yeast Cells. 


ppdino* vpacitc! PfnriQP'nnn cerevisiae type; 6, ellipsoideus; cS c2, Pastorianus type; 
ceamg yeasrs. nansema Mycoderma type; e, /, Torula type; 9 . apiculate 


apicuhta, for example, of- ^ 

fers cells which are usually (according to Lmdner). 

of the shape of a lemon, being provided with small projections from 
which the name apiculata is derived. A series of species of yeasts is 
known which possesses a similar shape and these, without doubt, are 
varieties of Hansenia apiculata or neighboring species. (See Fig. 4, g.) 
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Most of the Torula are easily recognized by their almost perfectly 
round shape, their content of fat, their peculiar manner of propagation 
which causes them to give off simultaneously many small round buds, 
and, finally, by their membrane, almost always surrounded by a layer 
of a mucilaginous substance. The genus Torulaspora and a few other 
yeasts have this same shape, which is known as the Torula type. 

The Mycoderma and certain members of the genus Pichia often 
possess a decidedly refractive appearance, and elongated cylindrical 
cells which bud almost exclusively at two poles; their contents is trans- 
parent, enclosing a number of refractive granules localized especially 
in the extremities. This is the mycoderma type of yeast cell. 

With S. Ludwigii, the cells possess a very peculiar form, tubuliform, 
bottle, or sausage shaped. Their division is intermediary between 
budding and partition. 

Finally there are the Schizosaccharomyces, which are not ordi- 
narily confused with other yeasts, for as the name indicates, they 
always multiply by division and not by budding. In Sch. octosporus 
the cells vary from a spherical form to the form of a drum stick. The 
spherical cells resemble huge micrococci while the drum-stick-shaped 
cells resemble the bacilli. 

It is seen, then, that the yeasts present very common forms which 
are exhibited rather regularly by the various species. It is well to 
add that certain yeasts are able to assume abnormal forms. Thus, . 
Lindner showed that S, Bailiij when growing in giant cultures on 
gelatin, resembled ameboid bodies. 

Mycelial Formations 

It has been stated before that the yeasts may grow in a filamen- 
tous or mycehal formation. Nevertheless it does not occur in all 
of the yeasts, and never appears where there is feeble development. 
It appears, however, only under special conditions. 

Mycelial formation was observed for the first time by Hansen 
in the growth which covered the surface of fermenting liquids; this 
is termed a pelhcle or scum. This growth presents a very different 
appearance from that which is found upon the bottom of flasks. 
Colonies are composed of long threads and cells and, little by little, 
the growth takes on a resemblance of a mycelium. The formations, 
however, always remain in a rudimentary state. 

The investigations of Hansen, Lindner, and Will have shown that 
certain yeasts are equally capable of forming the mycelial-like struc- 
ture when growing on gelatin. It manifests itself very well in S. 
marxianm and carlshergensis, Pichia memhranaefacienSj in Zygo- 
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saccharomyces priorianus and japonicus and S, Liidwigii, In this last 
variety, Hansen has proved the production of a well-developed my- 
celium; however, this mycelium is rarely composed of elements which 
are solidly united. The cells are, however, separated by well-marked 
walls, and each is able to thrust 
out buds or to develop ascospores. 

Certain parts of the mycelium offer 
very abnormal forms. 

With certain species, the growth 
which is formed at the bottom of 
a flask during fermentation has a 
tendency to produce filamentous 
formations. Thus with S. marxianus 
has been observed the formation 
of little flakes of mycelium which 
rest on the bottom of the flask or 
float lightly in the liquid. Recently 
Lepeschkin ^ secured with Sch, 

Pombe and mellacei, under certain, 
conditions, the formation of little 
flocks presenting all of the charac- 
teristics of a mycelium. 

Mycelial formations are found well developed in a yeast described 
by Guilliermond in 1917 under the name of yeast from Pulque No. 
2.^ A typical mycelium was formed of budding yeasts in most media, 
especially in the sediment which formed in beer wort as well as in the 
flocculent particles which float in the medium, on slices of carrot, and 
beer wort agar. The ascs seem to appear indifferently from the yeasts 
and from units in the mycelium. 

CELL DIVISION 
(A) Budding 

Practically all of the yeasts divide by budding; it is the charac- 
teristic method for multiplication. The bud appears as a little 
prominence separated from the wall of the mother cell by a very 
narrow collar. Little by little it increases in size. When it has 
acquired a certain size, always smaller than the mother cell, it sepa- 

1 Lepeschkin, W. 1903. Zur Kenntnis der Erheblichkeit bei der einzelligen 
Organismen. Cent. Bakt. Abt. II, 10. 

2 Guilliermond, A. Levaduras del Pulque. Boletin de la Direccion de Estudios 
Biologicos. Mexico, ii, 1917. 



Fig. 5. — Mycelial Formations in Old 
Scums of Saccharomyces Lvdwigii 
(according to Hansen). 
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rates. The daughter cell increases in size and soon equals that of 
the mother cell after which it, in turn, buds. 

As has been said above, when multiplication is very active, each 
cell forms many buds simultaneously on different parts of its sur- 
face. It may happen that the buds 
attached to the cell which gave birth 
to them may begin to bud before an 
absolute breaking apart has taken place. 
This results in the formation of a small 
colony which is made up of a number of 
adhering cells. Depending upon the 
species, the cells appear united two by 
two, producing a colony made up of 15 
or 20 cells. In general, top yeasts are 
distinguished from the bottom yeasts 
by the fact that the former remain 
united to one another, forming little 
chains, while the latter separate. 

With apiculatus and the genus 
Hansenia we have seen that the cells 
are provided at one or both of the extremities with little projections 
which give them the appearance of a lemon. It is interesting to 
observe how budding is accomplished in this yeast. Hansen has 
shown that the buds always form at the extremity of the cell.^ 
The young bud may be apiculate at its free extremity, but it may be 
oval and give birth to oval buds deprived of points. This may be 
lost and the property of forming points again assumed. 

(B) Transverse Division 

The genus Saccharomyces presents a form of transition between 
the ordinary yeasts, which divide by budding, and the Schizo- 
saccharomyces j in which division is accomplished transversely. In the 
Saccharomyces ^ division consists of a sort of budding accompanied 
by the formation of a transverse partition, i.e., a process intermediary 
between budding and partition. The cells bud generally at their 
extremities; this is exceptional only when lateral budding is proven. 
Multiplication is often accomplished in the following manner: The 
cell elongates and at one end a sort of tube puffs out. This enlarges 
and is transformed slowly into a bud which remains united to the 
cell by a wide collar. A wall is formed across this which separates 
the cells from the bud. 

^ Hansen, E. C. Comp. Rend, des trav. du lab. de Carlsberg, 3, 1881. 
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tIuo tntnsv(‘rs{^ partition is nu^t only with the Schmmccharomyce,H 
of which wt‘ shall mcaition tlu^ principal sp<H‘ics. 

Sc/n oci(hspin'iis possesses round or oval (‘(^lls; in young (‘ells the 
oval form pnaioininatc^s. Th<‘y {dongat(‘ and, after having acquired 
a certain nize, form a wall across the middl(^ This 
splits apart and tlu‘ twey cells \)ev<nne roundcai. ^ \ ) 

Th(‘y t‘longatc‘ wh<m th(\v have achicnaal tlanr ) ( ( J \ / / ( 

growtii, a!al finally H(*parat(‘ compI(‘t(‘ly; hut often \ ) M M \ ) 

thc‘ two cc‘lls, though nanairuiig atta(‘lH‘d, undergo \j \J w 
a new partition which makers two daughtcT (‘(‘lls. Fig. 7. — Budding 
Thus a row ()f ccdls is sc‘cun»d whiidi are arrangtal SaecharomycoikH 

It t • 1 »• kuilieiffti, 

parallel to each otluT. hornet nn<‘s, wheii multi- 


|)lit*ation is very 




is very rapid, a [irimary transverse wall is formed which 
^ mak(^H two without H(*parating, th(‘He produce 

^ anotlHT partition. In this manm*r, small filaments 
y fouml wliich evtmtuallv break apart, 

som<^ (niltun‘ p(‘ri(Hls and also 
under certain conditions tlu^ (adls show a t(‘nden<\y 
to take splu*ri(*al f<»rms. In this (awe partition is 
accom[)liHh(Hl in th(‘ siiine mannc‘r; but it also often 
Impixaw that, on account of rapid multiplication, 
th(‘ two (‘(dls H(‘t apart by a partition nnnain at- 
tachcal wntlumt rounding tlieir adjacemt plara^s. 

Hhowing Kach may th<‘n form transverse^ partitions which 
form two luwv (‘(dls. 


rig. H. — jHhowmg hach 
rfirlitiiUi in Srhim- ^ 
mirehnrmnyvfH 
M^mrun (urrurding Su(*h 
to Srhimming). , 


M^mrun (urrorumg r>u(*n uii arrange^ f) ^ d OO /7\W)I\ f) 
to Srhioiming). luont n‘H(‘mhl{‘H the [j(^ 0^ 6^^ (r}/ 

sarcina grouping. In'this latter eiwt^ fiar- CfS P(](^ W ny 

tition is ataanuplishtHl in two dinadions. Ol) \j q [I '' 

Th(^ daughtiT ctdls nanain assoc.i- n 7) ^ q ^ 

ated for sonu‘ tiim*, giving the ap^xair- H 

ance of (‘olonk^. Tht^se^ (‘olonit^s n v 

presiait diffe^nmt apiKairarua^s, de{Kaid- ^ (1^^ 

ing u|Km ihc‘ ag(* of the culture. In ^ ^ 

th(^ early stages of thtdr devedoprnent ify^y/ 

thc«H!<>I(>ni(*sare(!<Hnp<iH(Ht of elongahal ^ ^ (/^ 

cells. Later inurifonn cells are appanmt, pig. 9 . — Partition in SchizoMm- 
In the othc‘r Sehizommharomyces char^yam Pm^e (according to 
(Sch. Femhi and HcL melhcn), in which ^ * 

the cells look like drum sticks, division is accomplished in the same 
manner. When they have acsquirtKl their maximum size, the cells 
form II partition whi(‘h divider them into two (xdls. They either 
«(*parate imrmaliattdy or rtanain attachexi for some time. 


M 


ig. 9. — Partition in SchizoMm^ 
charmiyce^ Pmdm (according to 
Iindm»r). 
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In the latter case, they 



Fig. 10. — Durable Cells. The 
Membraneous Layer is Partly 
or Completely Detached (ac- 
cording to Will). 


are able to turn about and, remaining 
attached, undergo a transverse division 
as with Sch. octosporus. They often re- 
main completely adherent to form a 
chain with 2, 3, or 4 elements. Under 
certain conditions, notably in an en- 
vironment with too little air, the cells 
show a very marked tendency of adhering 
together in chains which branch. 

Sulc^ has proven the existence in 
certain Schizosaccharomyces of certain 
fatty bodies. These Schizosaccharomyces 
multiply indifferently by partition or 
budding. This should be confirmed. 


Durable Cells 


In the pellicle which appears after a period of time on the surface 
of nutrient media, and in deposits at the bottom of flasks containing 


certain special media (sugar 
solutions containing tartaric 
acid or citric acid and mineral 
matter), WilU has observed 
cells which possess thick walls 
and whose contents are rich 
in. glycogen and fats. 

From the researches of 
Will and Casagrandi,^ these 
cells possess a double mem- 
brane; the outer one is very 
fragde and easily broken to 
pieces. These membranes are 
made more visible by treating 
the cell with osmic acid or by 
the Ripart-Petit fluid (hydro- 
chloric and chromic acids, 1 
per cent). 

Will has called these cells 



1 Sulc, K. ''Pseudovitellius’' und ahnliche Gewebe der Homopteren sind 
Wohnstatten symbiotischer Saccharomyceten (Sitzungsberichte der Konigl. Bohm, 
Gesellschaft der Wissenschaften in Prag. March 30, 1910). 

2 Will, H. Vergleichende Untersuchungen an vier untergarigen Arten von 
Bierhefe. Zeitschr. f. d. ges. Brauwesen, Munich, II, 18, 1895. 

3 Casagrandi. 1897. Ueber Morphologie der Blastomyceten. Cent. Bakt., 3. 



SPORULATION 


la 

(hiral)l(‘ c‘e!ls (Dauernzc^llc'u); ho r(‘j»;anls them as resistant organs 
which serve to p(‘rpetuat(‘ th(^ s|)eei<‘s ov<‘r unfavoraI>le periods. In 
this, thiw an^ similar to tlu^ aseospon*s. F(a*haps they may b(^ 
n^ganlcnl in the sam<‘ liglit as cysts, or (’lamy(iospor(\s, whic^h liave 
Ihh'H ohs{‘rvc‘cl so fr(‘(|m‘ntly in tlu' Iilndoniyce,^, 

When thc‘S(^ durable* (‘ells an* pla(‘(*d again in favorable (‘ir(*um- 
stanc(‘s, th(*ir m(*mbnui<‘ is brok(‘n and l)udding tak(*H place giving 
rise* to HplH*rical and <*longat(‘d y(*asts, be th(?y s(*j)arai{al or in groups. 

Sporulation 

Hporulation is a form of r<*sistan(*(* whi{‘h allows tin* y(‘ast to 
remain vial>lt‘, t*v<*n though a(*tiv(* budding has Htopp(‘<b It plays 
an im|)ortant r6h* in tin* hib(‘rnalion of y(*aHts, |K*rniitting th(*m to 
pass th(* win(c*r in the* ground of vin(*yards wh(*re th(‘y an* d(*posit(*(l 
in tla* autumn, Hporulation is obsi'rved in old (*tiltun*H where foenl 
is scarce*, also in (‘(*rtain solid m(‘dia such as carrots or g(*latin whiedi 
an* not very ravorHi>l(* for budding. It is (*siK*(*ially (‘usy to s(H‘ure 
s> »rulati(m l>y submitting the* y(*asts to starvation aft(‘r th(‘y have 
Ikhv abl(‘ t() build U[) sufHci(*nt n*s(*rv(* products n(‘C(*ssary for the 
form tion of as(*ospon‘s. 

V * shall tak<* up in a following t‘hai)t(‘r tlu* details whi(‘h dt*termine 
Hporulation; therc'fon* this (piestion will not n‘C(*iv<* attentioii at 
this time*. 

Int(*rnal,or aHcoHpon*s, w(*nM)bs(*rved for tin* first tinu* byH(diwann 
in IH31) and des(’rilH*d by H(‘yn(*s, 'rh(*y W(*rc* nigard(*d by some 
authors, notably \'an d'ic*ghm, as n‘sulting from a sort of (*ncyHtment 
resultirig fnan sona* pathological i)nHH*ss. lin*feld consid(*red th(*He 
(H»lls, which bc‘ar spon*H, as sporangia or (‘ysts. On tlu* contrary, 
H(h»s,^ d<* Bary,'*^ and lat(‘r Hans(*n,‘* lik(*n(*d the sporangia of y(*aHtH 
t(j tlu* aH(^ of tlu* AmimuciivH and n*gard(*d the y(‘astH as a group of 
fungi. This o|)inion haa b(*en (*nt in*Iy (a)nfirm(*d by emr inv(*Htiga- 
tions on tlu* cytological i)h(*nom(*na of tlu* format iem of ascoHpon*s, 
and c*Hp{*ciaIIy I>y tlu* dis(*ov(*ry in certain y(*asts of a copulation 
in tlu* origin of the ase*. It is d(*fmit(‘ly admitted today. 

Hptaulation is indi(*ated by any (»(*I1, (*itluu- yeast (*(*11 or a c(*ll 
(»onHtituting a rudim(‘ntary myc'clium. In this way c(‘rtaiii y(*astH 
(*S. Ludmgii, Pichiu membra naefacmiH) are abk* to form as<*osporc*s 
in mycelial (*ells d(*vc*loping on tlu* Hurfa(*e of old culBires. Each 
cell, then, Hc*emH able* to (k‘V(*l()p into an asc. 

^ R(*c* 8, IL IH70. Botiin. Unt(‘rKUciiung(*n uher die Alcoholglirungspike, latii^ig. 

^ I)e Bury, A. Morphologic dc^s Idlz<*8, l/cnps^ig, IKIid. 

® IlaiiHcn, Fi. C ^ licM'herehes sur la physiologic* et la nuapliologk* des feriiients 
a!cooHqii(‘8. Oarip. Rend, dee trav. du lab. dc* C'arlsherg, 2, 1HH3. 
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With the exception of the case, which we shall considc^r a little 
later, in which the asc results from a copulation, tlui us(*s ndain 
generally the form and dimensions of ordinary 
cells. (Fig. 12.) However, in Nematospora 
coryli and Monospora cmpulata the ascs are 
rectangular cells more elongat(‘d and larger than 

Fig. 12.— Ascs of Sac- the vegetative cells. 
charomyces cerevisiae Often the ascs are derivcnl from (;(dls w'liich 
(according to Hansen). 

Th(‘n^ an^ no chuT- 

cut limits between budding and sporulation, for both jin^ ahh; to he 
carried on at the same time. Budding continues and slows up only 
at the time when sporulation begins. This ('xplains why one often 
sees cells with ascospores and buds, the l)ud remaining attached to 
the mother cell and developing. 

The number of ascospores contain(‘d in an as(‘ is variable*. It 
may vary between 1 and 12. IIowcv(*r, it usually bo(M)nK‘H fixed 
as in many of the industrial yeasts where a (teuiain ntnnlH*r usually 
predominates. 

The number of ascospores in aS. cerevisiae varies hetwenm 1 and 
5, but 4 are more frequent. With S. PastorianuH th(‘ sanu* variation 
obtains, but 2 ascospores are more common. With otlun* yeasts, the 
number varies less widely and is more constant. Witli Haccharornyces 
Ludwigii and the yeast Johanisberg II, it is almost always 4. With 
aSc/i. octosporus, sometimes 4 and sonu^iincss 8 jiseospor(*s may be 
counted. With Sch. mellacei and Pomhe th(^ numb(T of ast^ospon^s 
is invariably 4. The same number obtains constariily with Netna- 
tospora coryli. Monospora cuspidata contains only a single spore in 
the asc. With Debaryomyces globosus and Schwa nnumiyces occiden- 
tails the number varies between 1 and 2. Thus, witli mdi yeast the 
asc tends to form a constant number of ius(;osp()r(*s. This numlHU' 
varies, depending upon the species, from 1 to 2, 4, and rarely 8 or 
more. 

The ascospores have dimensions betw(HUi 1.5 and 5 Usually 
they are spherical or oval (S. ceremsiae, S. Pastorianm, S. ellip- 
soideus). Sometimes they possess a globule* of fat. The ascospon^s 
of some yeasts have characteristic forms. In WilHa anmnala, also in 
the genus Hansenia, the ascospores present a form quite similar to 
the cells of lower Ascomycetes {Ascoidea nibescem, PJndotnyceH dca*- 
piens, and Endomyces fibuliger); they are hemispherical and their 
adjacent planes are provided with a projeeding l)c)rder wdiich gives 
them the . appearance of a hat. The ascospores of WiUui Baturrms 
have the shape of a lemon and are girdlcnl with a projecting ring. 
(Fig. 13, 3.) Cells of Pichia membranaefaciem have irregular sluqu s, 
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spherical; oval, eloagatcHl, triangular, kidney-shaped, or heinisphericaL 
Sonietiines they are small and hyaline, with a refractive globule in the 
center. In l)eb(iryonii/a\s and Nad.sunia one finds globular ascospores 
enveloped in a membranes which is covertHi with stiff, cTcct pro- 
tulKnuru^es. (Fig. 13, 5.) In Schwa7iniomyc6i^ occuhntali^j tlui asco- 
sporc‘s an^ providcnl with a projectioti about tlu^ cells whi(!h divides 
tluan into two urKHjual parts. (Fig. 13, (k) Th<Mis(‘ospores of SchmH 
naecharonnjceH may tx^ t^llipsoidal or elongated, and tlunr membrane 
is impr<^gnat(Hl with starchy mak^rials which an^ staiiUHi blue with 
iod in-potassium iodich^ solution. Nettiatospora conjH possessc^s asco- 
spon‘s wtn(‘h are long and fusiform; they are providtnl with long 

0 7 0 QQQp ^00 i 

1 2 3 4 V 6 7 8 / 

9 10 11 

Fig. 13. — Hhowing the Varioim Shapes of Aseosiwres in Yeiists. 

1, A»OimtH>tm from .S', t'trrcvmae! 2* from WiUut arntmitlu: li, Aw’o- 

lilHirra frifni Z yuimwehuntmu^m rhmtimi; 4, A»©o«iiK>r«» from IViffia .SVi- 
turnu^; t>, from Pkhitt mt^iniirnnm/acwns: 0, A;MHNi{>ort»t from 

Dfhaftfmyrrn; 7, Auvm'iHmm from Sthwanniomyt^fM H, Ajf»<H»«|>or«iM 

from Hturharomi/rtH eupmluri»; U, Aiicoiiporf^ from N^nmtmfwa t'lfruti; 10, 

AH«oi*iH)ri*» from Mt»nmpifra vmpidtUa; U, A»cto«|Kir«« from (*t)Ctidiumm l^trri, 

strucdAin^s at tlanr extn^mities which are similar to (ulia. Mononpora 
empidata also has long cells which look much like lUHnlles. (Fig. 
13, 9.) 

Most of the yeasts known possc^ss only a single membrane. In 
S. guUidatuSj tlu^re are, on the contrary, two meml>ran€S. The 
outer one lireaks at the moment of germination. 

SEXUALITY 

(A) Copulation Preceding the Formation of the Asc 

Itecent invfistigations havc^ shown that with a (x^rtain mimlKn of 
yeasts, the asc nmults from a (copulation whicch closccly rccsemblccs that 
of cells whicli one. finds in certain of the lower Asconiyces. {Eremasms 
and EndormjeeH.) 

It was among the Schizosaccharomycetes that this phenomenon 
was noticcfcd for tluc first time. In this group of yeasts, charactenized 
as we liave senm by a sixacial mxdtiplieation of cells which occurs 
always l>y transvemc partition, only a few species are known (Sck. 
ockmpcmmf Hch. Ponihe^ and Sch. melkicei). Thm^ threat specim show 
sc^xual pro(‘c*sHC’'S. 
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In 1895, Schionningi showed in a shuri 
Sch. octosforus resulted from the fusion ul f"<> 
having observed the cytological phenumouii whidi uv''' 
this fusion, he was not able to realize its sigiiifi<-aiici'. (iiiiiii-iu 
thought that he observed in this phcnoiaciion a nu<-lear iu>nm, but 
at that time the nutrition of yesusts was insulhficnil\ kiu.v\ii lu 
permit accurate observations. Bearing in mind llu- imi-stig.iimris 
of these two investigators, Guilliermond •'* has succirdcd m di ni.m- 

s( rut that l!ii> is 

a truu {•u|nilut lull. If is 
cusv to uhsc*r\'o this 
iH)nu‘iiott in a Huttrliiu* 
inoi.st (‘huiohiM' in a tlrop t»f 
l)(H‘r wort golntin. l lu* 
aH(*o.s|>on*s ilo|Hthilt*d in it 
an^ not shav to ju^onninal** 
anil imHliU'o vop^tntivo 
(•(*lls wliii'h mnltipiy vory 
antiv(‘Iy thiring tho first 
t vv( > ( lays ; t * >wn ri 1 1 ! a * t h i 1 1 1 
(lay th<‘ mult iplit'ii! ion dr- 
(’n*aH(*s, i’(*l!s a it 

th(‘n ndhorimt in littlo 
colonii'.H of 15 or 2th P**r» 
haps a few less. Some continue to divide, but most (vim^ to multiply. 

At this moment copulation comm(uic(‘H uiul in ueeompli.Hlmd m 
the following manner: Two cells identical in ehanieftn-iiHticH and 
lying adjacent to each other in the sanm colony an* joiiuHl by mi*unH 
of a copulation canal, formed by the fusion of two littk* projecfioiiH 
put out by each cell. (Fig. 15.) The middle wall whic’b w^paratim 
the two cells is rather quickly dissolve^], and tin* nuchuiH of <*ach 
cell, transformed thus into gametes, passers tlirougli the* ta^pulitiioii 
canal. By this operation, a single cell, whi(‘Ii is an c‘gg or y.ygc^sjioiT, 
is formed. Formed in this manner by isogamie copulation, the egg 
soon germinates. It increases in volume, while* its nuchnw und(*r- 
goes two successive divisions, sometimes tlmx*, whicdi give I or 
8 nuclei. Then these become distributed about, tlu* zygospon* and, 

^ Schionning, H. 1895. Nouvelle et singiilidre formation cPanrua iliiiw tiiir 
levure. C. R. lab. de Carlsberg, 4. 

2 Hoffmeister, C, Zum Nachweiss des Zellkerns Ikh Saccharoinyce^n. 
ber. deutsch. naturw. mediz. Vereins f. Bohmen, 25, UKK). 

3 Guilliermond, A. Recherches histologiqucs sur la Sfiorulatitm d«‘« 
saccharomycetes. Comp. Rend. Acad. Sci. 133, July 22, mi. UMwwhvn ryt«- 
logiques sur les levures, Storck, ed. Lyon, 1902. 


Fig. 14. — Different Stages in the Development 
of Schizosacch(iro7nyces octoaporus. 

a, and h, germination of ascosporcs; c, inultipHcuition of 
colls; d, copulation and formation of the asc; A (/,.und k, 
copulation in a species tending to become asporogonio. 
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surruuiuling th«ius(*lv(\s with :i zoih* <»f protoplasm, ha'm 4 or tS 
ascosporrs. Tho zy^ospon^ is tlaai t raiisformtMl ioto ati asc. In 

many (‘ast\s tho fusion of ganH4(‘s is not always <‘oiHpl(‘t<‘ and th<^ 
as(‘ ndains a luodian <‘onst riel ion, a n^nuiant of tla^ copulation caiiial. 
It oft cat happi*ns that, in c*c*rtain easels, th(‘ ^ain(‘tc‘s rcanain imlivid- 
ualiz<‘d,nnd the* asc may lx* ccmstitutcMl of two (^‘lls unitcxl l^y a (‘opu- 
lation canal. In this <‘as<% thc^ nscospon^s art* formcMi in groups of 
2 (tr I in c*arli c(4L d1a‘S(‘ arc fonncal 
eH|M‘cialIy w!i(*n <*opulatiou takers place* 
hc^wcHai c’c4ls whiclt, not luang tmitcxl, 
arc obligcxl to scaid out hatg pncjca’ticais. 

With Sell, ticit^sporus all of the* steps 
betwexai complete* ami incontplc4c fusicat 
of gainct«*s may he* olweawcd, l>ut in the* 
two casi*s tin* rc*su!t is the* same* and it 
prodma^s a zygospona 

hi a few ran* cnsc*H the* use onginntc*H by parth{*iit»g(*n(‘sis; this is 
hap|M*iiing wlu*ii one* h<*c‘h two gnmc*tc*s uiutcal by a c’annl in wluf*h the 
wall has not inxai }H*rfornt(*d, forming individually a i)arthog(»ia*tic asc*. 

A vc*ry pca’uliar fact, and one* whic’Ii sliould be* liicaitioncHl h(*rn 
on acTcamt of its bic»l<igic»ul significance, is tla* (‘oimlaticm bedwee^n 
two adjiicent pareid cc*1Ih or, as Schichming has dewribed, b(*tw<H*n 


big. lo. V’urinUM Stnucs la the 
C ‘ijptilat ion of Srhi::oHt(rrh(tm« 
mi/ns tH'ttiHjmruH um Oh.Hcrvcd 
ill Hott<'Iicr\H Moist (’hitmiHT. 

ti, lU M’flurk in thi’ n»t>nnnii; h, 1 
o'rltifU; r, 2 o'riurk; f/, Tn 
r,n ,/0..rk. 



Fig. in. -*- ( 'opulatioa ntnl Fomiatioa of the* Asc la 
SehizmmrhnmmuceH tKUmparm (in Slaiacti Pn*parat ioa). 


two cells sprung from the* same* mother e(‘ll bet wc*en two bndlicT 
giimcdcH, It is a primitive eharacterist ic which distinguislu*H this 
copulation from iht* w*xuality of more highly (l(*v(*lofKHl organisms- 
As a rule*, almost all of the cells fuse two by two witli the* format 
tioii of tin* egg and more* oft(*n lK*tw(Hm two adjacemt c*(‘l!s in th(^ 
Slime* coltiny. As e*iu*!i colony is e‘ompe>seHl of 15 or 20 ce‘lls, the 
gainf*t i»H are nec*eHHarily e*los<»ly r(*late*eL The same* thing is true* in 
eolonicH madi* up e»f 2 or 2 ce‘lls whi<‘li arc^ able to c*o|>ulate* two l>y 
two. One is able* to follow und(*r the niicroseo|K* tlie fonnatioii of 
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Fig. 17. Different Stages in the 
Copulation and Formation of the 
Asc in Schizosaccharomyces Pombe. 


a daughter cell which separates from the mother cell. This may 
unite with another daughter cell from the same parent to form an 
asc. However, as we shall see further on, the ascospores of the same 
asc, when in an environment unfavorable to multiplication, fuse two 
by two and are transformed into ascs without preliminary biparti- 
tion. In this case, as the asc alwaj^s contains 4 or 8 ascospores, the 

gametes will not be separated by 
more than 3 or 4 generations. 

Copulation may also be brought 
about between cells of very different 
parentage. As we shall see further 
on, Beijerinck has shown that Sch, 
octosporuSj in continued cultivation 
in artificial media, may lose its 
properties of forming ascospores 
and becomes, after a long time, an 
asporogenous organism. In cultures 
undergoing this change, the num- 
ber of asporogenous cells becomes greater and greater at the expense of 
the sporogenous cells. It happens that these latter cells 
are isolated in colonies in which all of the other cells 
have lost the sporogenic function. These, then, have 
to go to other colonies in their vicinity for sporogenous 
cells with which they are able to anastomose. They 
send out long tubes. These often go astray, form a 
wall across themselves and dissociate. From these 
facts, it is apparent that the parentage of the gametes 
is of little importance; as a rule gametes more or less 
closely situated fuse and copulation follows the law of Fig. 18. — Dif- 
least resistance. 

In Sell. Pombe and Sch, mellaceij two related species, 
copulation takes place in the same manner as in Sch. 
octosporusj with the only difference that fusion remains 
almost always incomplete. The cells destined to copu- 
late are generally united in colonies of 4 to 20 cells 
situated in chains and presenting the form of small rods. Copula- 
tion is accomphshed ordinarily between two cells adjacent in the 
same colony. (Figs. 17 and 18.) The gametes are united through a 
canal through which nuclear and protoplasmic fusion takes place. 
(Fig. 19.) The nucleus resulting from this fusion rather quicldy 
divides, and the two nuclei thus formed emigrate to both enlarge- 
ments of the zygospore where they undergo a second division neces- 
sary to the formation of ascospores. (Fig. 19.) The zygospore then is 
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ferent Stages 
of Copulation 
in Schizosac- 
charomyces 
Pombe as Ob- 
served in Bot- 
tcher’s Moist 
Chamber. 
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Fig. 19. — Various Stages in the Copulation 
and Formation of the Asc in Schizosaccharch 
myces Pombe (in Stained Preparation) . 


transformed into an asc which preserves always the form of a dumb- 
bell. The ascospores, to the number of 4, originate in pairs in both 
enlargements. 

Parthenogenesis, extremely rare in Sch, octosporus, is, on the 
contrary, rather frequent in 
Sch. Pombe and Sch. mellacei. 

Sometimes two cells, already 
united by a copulation canal, 
form, without reabsorbing the 
separating walls, a partheno- 
genetic asc; more often it is 
an ordinary cell, which, with- 
out trying to unite itself to 
another, transforms itself directly into an asc. (Fig. 17, 4.) Sulc has 
described a new species of SchizosaccharomyceSj Sch. Aphalarae calthaey 
found in the fatty tissue of the homoptera, which 
seems to present a copulation analogous to that of 
Sch. octosporuB. Nakazawa has found a copulation 
quite similar to that of Sch. Pombe and mellacei in 
Sch. Sautanensis and formosensis which were iso- 
lated by him from sugar products in Formosa. 

The sexual phenomena are present not only in 
the Schizosaccharomyces; they have been described 
also in a certain number of yeasts, multiplying 
by budding. One observes not only isogamy but 
heterogamy and intermediate forms between these 
two methods. 

Barker,^ in 1901, established the first of these in a new species 
isolated from a solution containing ginger, for which he 
created the genus Zygosaccharomyces. This yeast is known 
today as Zyg. Barkeri. The copulation is isogamic and 
occurs in the same manner as in Sch. Pombe and mel- 
lacei. The fusion is incomplete, and the asc which results 
retains the form of two retorts united by a collar. The 
mixture of the protoplasm and the nuclear fusion takes 
place in the copulation canal. The ascospores, which 
vary in number from two to four, develop in both enlarge- 
ments of the asc or exceptionally in but one. (Fig. 21.) 

Recent work has shown that these sexual phenomena, which have 
been regarded as rare at the time when they were first observed, are 

^ Barker, P. A conjugating yeast. Proc. of the Roy. Soc. 68, July 8, 1901. 
On the spore formation among the saccharomycetes. Jour. Federated Insti- 
tutes of Brewing, 13, 1902. 



Fig. 20. — Copula- 
tion and Formation 
of the Asc in Sch. 
mellacei. 


Q 


Fig. 21. — Dif- 
ferent Stages 
in the Copu- 
lation and 
Formation of 
the Asc in 
Zygosaccharo- 
myces Barkeri 
(afterBarker). 
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really quite widespread among the yeasts. Since the discovery of 
Zyg. Barken, Klocker ^ has recorded the existence of a similar copula- 
tion in Zyg. Priorianus and Zyg. mandshuricus, de Kruyff^ in 
Zyg. javanicus, Saito ® in Zyg. japonicus, Dombrowski ^ in Zyg. lactis, 
Takahashi in Zyg. Major, Richter in Zyg. mellis acidi, and Pearse 
and Barker ^ in a yeast from cider provisionally designated as “ Yeast 
F.^^ Chatton has also described an isogamic copulation in a yeast 
isolated from Drosophilia funebris which he names Coccidiascus 
Legeri.^ It seems that this copulation existed among other yeasts but 

had not received the atten- 
tion of authors who described 
them. 

Among all of these yeasts, 
copulation occurs exactly as 
in Sch. Pombe and mellacei. 
It obtains between adjacent 
ceUs and very closely related 
parents. With Zyg. Priori- 
anus, for example, copulation 
almost always takes place be- 
tween two cells of the same 
colony made up of 15 or 20 
cells. Sometimes it takes place between cells in a colony composed of 
only 3 or 4 cells. It happens also that one is able to see a cell in the 
act of forming a bud and also fusing with the latter before it has 
achieved its full development. In this case, the asc which results is 
composed of two unequal enlargements; one, the larger, representing 
the mother cell, and the other representing the bud. The ascospores 
not having sufficient space for germination into the bud, form them- 
selves uniquely in the mother cell. In this manner, copulation nor- 
mally isogamic finds itself heterogamic. Perhaps we may see in this 
anomaly a tendency to heterogamy. 

^ Klocker, A., in Lafar Handbuch der Technischen Mykologie. G. Fischer, 
Jena, 1905. 

2 de Kruyff, E. Untersuchungen tiber auf Java einheimische Hefenarten, 
Cent. Bakt. 21, 1908. 

2 Saito, K. Preliminary notes on the spore formation on the so-called '^Soya 
Kahmhefe.^’ Botanical Mag. 13, 1909. 

^ Dombrowski, W. Die Hefen in Milch und Milchprodukten. Cent. Bakt. 
Abt. II, 28, 1910. 

® Pearse, B., and Barker, P. The yeast flora of bottled ciders. Jour. Ag. 
Sci. 3, 1908. 

® Guilliermond, A. Quelques remarques sur la copulation des levures. Annales 
mycologici, 8, 1910. 
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Another yeast isolated by Pearse and Barker^ from cider and 
designated Yeast G presents a copulation which is intermediary be- 
tween isogamy and heterogamy. In this species the two gametes 
are cells of the same dimensions which do not show morphological I}'- 
any sexual differentiation. But the contents of one, which may be 
regarded as the male, pass into the other, which may be regarded as 
the female. The ascospores originate from 
this last and they are always to the number 
of two. (Fig. 23.) 

More recently, a strictly heterogamic proc- 
ess was observed in a new species isolated from 
fermentation products of wine from Bili.^ This 
yeast, which we have named Zygosaccharo- 
myces chevalieri, has ascs which result from a 
copulation between two cells of different di- 
mensions. (Fig. 24.) One is very smaU and to Pefr^'^and 
represents the male gamete. It is young, 

while the other, representing the female gamete, is larger and much 
older, having attained its full development. The two cells unite by 

means of a copulation canal 
and the contents of the male 
gamete pass into the female 
gamete in which the protoplas- 
mic and nuclear fusion takes 
place. After this has taken 
place, the female gamete sepa- 
rates itself by means of a wall, 
and produces from 1 to . 4 
ascospores. During this the 
membrane of the male gamete 
is absorbed. It is also rare to 
observe an adult asc again 
united to a male gamete. 

Recent investigations have 
shown that the heterogamic 
copulation occurs frequently. In Zygosaccharomyces priorianus it has 
been shown that copulation is accomplished sometimes, but rarely, be- 
tween an adult cell and a bud formed by it. In Debaromyces glohosus 
Guilliermond has shown that there takes place a heterogamic copula- 

^ Pearse, B., and Barker, P. The yeast flora of bottled ciders. Jour. Agricul- 
tural Science, 3, 1908. 

2 Guilliermond, A. Sur un exemple de copulation h6t(§rogamique observe 
dans une levure. Comp. Rend, de la Soc. Biologie, 70, 1911. 



Fig. 24. — Various Stages in the Copulation 
and Formation of the Asc in Yeast Bili 2. 


1-3, gametes sending out tubules destined for copula- 
tion; 4-8, union of two gametes by a copulation 
canal; 9-18, the contents of the male gamete mixes 
with the contents of the female gamete which changes 
into an egg; 19-21, formation of ascospores; 22, 
adult asc; 23, asc breaking its membrane and 
freeing ascospores. 
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tion between a mother cell and a bud formed by that cell, which is 
very small and still attached to the mother cell. About 25 per cent, 
only, of the ascs result from an isogamic copulation between two 
cells of the same dimensions. In Debaromyces tyrocolla, the copula- 
tion is accomplished most often between the mother cell and its 
bud and the isogamic copulation is very rare. According to Konoko- 
tin, the genus Debaromyces may be represented by a heterogamic 
copulation. In one other yeast, isolated by Guilliermond from oranges, 
the Zygosaccharomyces Nadsoniiy a heterogamic copulation has been 
described, but with this yeast the heterogamy is the rule, and there 
seems to be no instances of isogarny. 

Finally Nadson and Konokotin have discovered in the mucous 
secretions of trees two species of yeasts (Nadsonia fulvescens and 
elongata) in which the copulation always takes place by heterogamy 
between an adult cell and one of the buds formed by it. All of the 
contents of the male gamete go into the female gamete, but the 
female gamete does not transform directly into an asc. It gives 
birth, by budding, to a new cell into which its contents are poured, 
and it is this cell which becomes the asc, usually including a 
single ascospore. The authors think that the asc, formed by budding, 
represents a rudiment of a sporophyte, and consequently have es- 
tablished for these two species the genus Nadsonia {Guilliermondia) . 
With Zygosaccharomyces it has been difficult to determine the parents 
of the gametes which unite; the copulation is almost always ac- 
complished between an adult cell and a young cell. In other yeasts 
with heterogamic copulation, it takes place between a mother cell 
and one of the cells formed by budding from it. In this case copula- 
tion may be autogamic. 

Guilliermond^ has isolated from the mucous secretions of chestnut 
trees a' new yeast, Zygosaccharomyces Pastorij^ which presents a 
heterogamic copulation effected between cells of unequal sizes. The 
female cell is the adult while the other, the male, has not attained 
its full development. Sometimes there is little difference between 
the two cells. The contents of one always pour into the other 
which is transformed into the asc. The asc may contain from 1 to 
4 ascospores which are hat-shaped like those of Willia anomala. This 
yeast produces only a few ascs; the cells, however, attempt to unite 

^ Guilliermond, A. Sur une nouvelle levure k copulation h6t6rogamique. 
Comp. Eend. Soc. Biol. 1919. 

2 This yeast has not been fully described but presents a resemblance to Willia 
anomala in having hat-shaped ascospores. Its cultural characteristics, however, do 
not class it in the group Willia, Klocker has described an apiculate yeast in the 
Saccharomyces apiculatus group in which the spores are hat-shaped. This form 
ought not to be regarded as a characteristic of the group Willia 
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with oth(*rH by of nmall proj(»cting tubes, some cells possessing 

many of th<‘nn but this is hardly (‘Ver successful. It is then possil)le 
that we arc‘ eoiiiH‘rnc‘d with ytnist whicli is in the process of losing its 
s<‘XuaUty and sijorogcaiie function. 

('esari^ lias re‘cently isolatial a series of yt^asts from sausage and 
salted im^ats wliich seems to act on albuminous matter and play a 
rbliMU tlie ri|H*ning proc(‘ss. All of^ these* yeasts possess a heterogamic 
(*opulati<ai rt*Huiting in tlu* formation of an asc with a single ascosporc*. 


{Bl Copulation of Ascospores or Parthenogamy 




(S’ 





The eopulntion wlti{*h has just h(*en d(‘scrib(‘(l, is not the only 
form td sexuality observcMl among the* yeasts. In (*ertain speca^s 
cH»eurs a s(*xuully clifTc*n‘nt proc(*sH whieh is brought about by a sul>- 
s«a|Uent stage* in tlu* g(‘rmination of aseoHpor(‘S. It 
is thus that iu S. Liulu^igii and Willin SafurnuH ^ 

and the yeast Johannisl>(*rg 11, an isogamic eopula- 
litai lH*tW(H‘n aseospon^H originating from an am; 
formed without fusion, has been eBtablislu'd. This 
phtaiomciion will be dimmsscHl at this time without 
entering into a detuilcsi discuasion of the germination 
of nscospon*s. 

In S. l.*ndwi{iii th<‘ ase (‘ontains almost always 
four ascospon^s; at the monuait of copulation, them* 
ascos|H»n*H copulate* two by two by means of a eopu- 
Intiun eanal fornH*d by the fusion of two little pro- 
jeetions from eueh e«*lt. (Fig, 2o,) It was Hansen**^ 
who showed for the first time* the existence* of this 
pli<*nonu*non. It is shown lat(*r that tlus fusion 
presents lh<» eharuc*t<*riHtics of true copulation and 
tliiit it is iieenmpanicHl by a nuclear fusion. 

Hit* iiitt*leus and cytoplasm are intrcKluced into 
the eopiilafitm canal and it is there that the mix- 
ture of fiueleus and cytoplasm takes jdace. The 
fusion it*mains tncompl<»t(* and the zygospore is formcal from two asco- 
spores united by a (‘opulation canal. In this (‘anal, the egg is formcKl 
wliirli lirings about tin* g{*rmination of the zygospore. It elongates 
into a germination tube from which originate numerous vegetative cells. 

('opnlafioii is a(‘comp!iBhed normally between two ascospores of 
the Hiuiie use ladon* the* partition is absorbed. Buds result from the 

* CVmri, K.-F. La nifiiumticai clu HauciHSon. (\)mp. Rend. Soc. Biol, 1919. 

^ liarwai, F. C\ lieeherehc^s sur la inoriihologie cd- la physiologie des f(*rment8 
3, ISftL 


o* 

<s> 

Fig. 25. — Vari- 
ouB Btag(‘H in thc^ 
(l(*rniination of 
AK(u>8porc‘H in *S'. 
Lwlun^ii m 01)- 
Berveni in a MoiHt 
(^larnbc^r (ac- 
<u)rding to Han- 
8c*n). 
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germination of the zygospore which, in developing, perforate the wall 
of the asc. The copulation of the asc is always by autogamy and, 
as each asc contains only four ascospores, it will be able to occur 
only between sister ascospores. However, by force of circumstances 
copulation may also be accomphshed between ascospores from dif- 
ferent ascs and consequently from more distant relationships. This 



Fig. 26 . — Various Stages in the Copulation of the 
Ascospores in Saccharomyces Ludwigii. 


is almost constantly 
met with when one 
makes old ascospores 
germinate; under these 
circumstances, a great 
number between them 
are dead and those 
which have survived 
are among others which 
are not capable of de- 
velopment. On account 
of this they will be 


obliged to search in other ascs for ascospores with which to unite. 


TJiey accomplish their union by means of long organs. 


This copulation is accompanied by numerous parthenogeneses. 


About one-fourth of the asco- 


spores germinate without imder- 
going copulation. The analogous 
phenomenon has been found in 
Willia Saturnus and in the yeast 
Johannisberg II (Fig. 27), but 
for these two species partheno- 
genesis is still most frequent, 



and half of the ascospores ger- Fig. 27.— Various Stages in the Copulation 
minate without copulation. Ascospores in Yeast Johannisberg II. 


This second form of copulation seems to be quite common among 
the yeasts. H. Marchand has found this copulation in many yeasts 
(S. intermedins, twrbidans, validus, vini Muntzii, Johannisberg I, 
S. Willianus). In these yeasts about one-half of the ascospores 
germinate after having fused two by two; in Saccharomyces validus, 
however, this copulation is 'accomplished more rarely and becomes 
exceptional. Guilliermond has observed the copulation of ascospores 
in three yeasts reported on and secured from the Chevalier mission 
{Saccharomyces Mangani, Lindnerii and Chevalieri), and also the 
yeast from Pulque No. 2. It has been found "by Kinokotin in Sac- 
charomyces paradoxus, but in this yeast it presents very special char- 
acteristics, the interpretation of which is rather close. Lindner 
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has !U)iic(‘<l this in anotiua* yt^ast wliicli lu‘ has no|. nanuMh This was 
isolatcal from th{‘ mucilai^inous secretions on a tr<H^ in the Berlin 
Botanical (Jan km. 

Copulation of aseosponss does not seem to he n‘p;arde(l as a true 
fecundation hut as a phenonu^noiC of parthenojj^aniy ~ a sexual 
process n^placinii; f<H*undation. In fact, it may admittcnl that the 
(‘opulation which tak(ss ])la(‘e in Schlzosacchdroniijrrf^j and Zt/i/osaC’- 
chcrromycvs and Dvbdromyces at tln^ monuad wlnm tlu‘ asc forms 
represents a normal S(‘xual pnx'ess of yt‘asts. Tlu^ copulation which 
taki^ plac<‘, tluni, amon^»; thc^ as(‘ospor(‘s, is a. mav pro(X‘ss and oiui 
wliicli talons tlH‘ place of normal lecuralation. 

The cell which gives rise to tlu^ asc ought, to tx^ n^garded as a 
gam(dc‘ d(‘veloping parth(‘nog(aHdi(*ally. As tlx^ haanation of ascosp()r(\s 
n(‘C(‘ssitat(‘H two suc(‘(‘,ssiv<‘ divisions which an^ not st^parahnl hy 
a iKTitxl of int<‘rcalary nutrition, tlH‘ nucknis which riNsults is (piite 
d{‘vitaliz{‘d. This may <‘xplain why tlx^ aHcospor(\s f(*It tlu^ ikxmI 
<d comixaisating for th<‘ loas of chromatin which tlu^ nucknis has 
expiTiemnnl in HU(x*(‘ssivt^ divisions. It is prohal>kv, howiwnn*, from 
what is known with n^gard to the higlun* aH(‘omyc(deH, that the asc 
of th{‘ yiatsts is the s(;at of a reduction in the numlxT of chromo- 
somes. Tlu‘ (*o{)ulati(ai of as<‘os|X)r(ss may intin-vinx^ to noplace the 
hnnindation winch should occur at thii monumt wixm tla^ luscs are 
fornunl ami to comixnisate the loss of chromatin undergone in the 
couwe of mitosis of tlut asc. 

(C) Retrogradation of Copulation — Parthenogenesis 

Ah has Ixxni point (xl out, in th<^ gnnit majority of yeasts, es- 
pecially t!ios(‘ which ar(‘ of industrial signifKaimx^ om^ (kx^s not 
find any tract" of s(‘Ximlity. As among spcrnk's which pn^scmt a copu- 
lation at th(^ moimmt. whim the asc is hanuxl, it has Ixmomc es- 
tahlisluxl from mmun-ous cas(‘s of partlumogtnu^sis that, the yinists 
which do not hav(‘ s("xuality, n^priNscnit partluniogcnuiiit forms derivixl 
from primitives h<"X forms. This uses, wlum it has not n^sultcxl from 
a copulation, has tlum the import of a ganudis having dcsvelopcd liy 
partlienogc^ru^sis, that is, a parth(niosi)()ris. Tins ycxisfs may Ixs nv 
garded as a group of fungi which havis gone toward partlumogcnesis 
l)y evolution or liy fonxs of unknown (dnsumstamx^s, and which are 

^ Tliis phenomemm is ccniixirahlc to that, whic^h liraucr lias ol)B(‘rvc(l ia the 
parlhcnogcn(‘Hi8 of an tx'hinodcnn, Arlmnia mlina. In this organism, whim f("cun- 
dation lais not taktni place*, tlxTc is a fusion of a 8(*(X)nd polar globule with tlie 
(»gg, and fins fusion tak(*s the place of fecundation. Koine phenomena whicli 
apfxmr to he similar have b<*en found since among various fungi and protozoa 
and have betai grouiKjd under tlx^ name of parthenogamy. 
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losing their sexuality. This opinion is supported by a series of very 
striking facts which are quite apparent. A consideration of the 
development of various members of this group will give the proof 
of progressive disappearance which sexuahty in yeasts hns undergone. 

In the Schizosaccharomyces, which present in this oonnection very 
interesting characteristics, copulation is illustrated in three varieties: 

Sch. octosporiis, Sch. Pombe, and Sch, mellacei. In 
the first copulation is almost universal. With the 
other two, on the contrary, copulation is rather fre- 
quent and a great number of cells sporulate without 
copulation. A species of Schizosaccharomyces has 
been transmitted from the laboratory of Professor 
Beijerinck under the name of Sch, mellacei, which 
did not present any trace of sexuality; the asoo- 
spores originated in ordinary cells which had not 
undergone copulation. This yeast, which resembled 
Sch, mellacei very closely, may have been another variety. 

Among the different species of the genus Zygosaccharomyces 
numerous cases of parthenogenesis have been observed. With De- 
baromyces globosus, however, this characteristic is more predomi- 
nant and many ascs .originate without copulation. These may be 
formed by ordinary cells or cells with long projections giving them 
the shape of dumb-bells. (Fig. 28.) 

Some yeasts have lost their sexual characteristics but have re- 
tained traces. Such is the case with Schwan- 
niomyces occidentalis which has been described 
by Klbcker. Guilliermond has shown that at the 
moment of sporulation in this yeast, the cells 
destined to form the ascs emit projections of 
different length by means of which they try to 
unite two by two. But the sexual attraction 
seems to disappear; it is only exceptional that 
they join. These little projections, then, may be 
the remnants of an ancestral sexuahty. , 

Since then, Ludwig Rose^ and Dombrowsld^ have observed the same 
characteristics, one in Torulaspora Delbrucki, in a new species related 
to this latter and in a new yeast isolated from the mucilaginous 
secretions from an oak tree, which was provisionally named Yeast 
F; the other in a milk yeast, >S. lactis. Yeast F was studied by 

1 Ludwig Rose. Beitrage zur Kenntniss der Organismen in Eichenschleimfluss. 
Inaugural Dissertation, University Berlin, 1910. 

2 Dombrowski, W. Die Hefen in Milch und Milchprodukten. Cent. Bakt. Abt, 
II, 28, 1910 



of Asc in Schwan-^ 
niomyces occiden^ 
tails. 



Fig. 28. — Parthe- 
nogenetic Ascs in 
Debaromyces glo^' 
bosus. 
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Iliermoiul and was found to pn\s(4ii a s(Ti('s of (uirious (‘liarac^t.or- 
•sd It fonns only a few aseospores and It looks as if its sp()ro|>;(uu(^ 
c*tion is on ihn v(U’ge of extinction. Howcwer, wIk'u tlu^ y(^ast. 
dae(Hl in incuiia suitable for spore fornuition, almost all of tlu^ ec^lls 
out loi^K projections by means of which th(\v attempt to anas- 
iOH(* two by tw(h ()ft<‘n th(\s(‘ do not join tog(dh(T, as if therci 
o an opposinii: f<u'c<‘ at work, ^ 

as if by a loss of s(‘xual 
-action, tlu\s(‘ projections wlnai CQ ^ 

Y come in c(ndact continue* to ^ ^ If 

igatci and tlms form a n(‘t- ^ 

k. (Fifr :«>•) In a A ^ 

iher of cjiH(*H some may <^stab- ^ xf^ r^Jt) 

a union for anastomosiH by ^ ® ^WS K ^ 

iiiH of tlH*ir projt*e‘tions and ^ 

ere Hulfickmtly so that a ^ 

at pressun*^ do(‘S not cause EIk- -JO* 
n t(» bivak apart. Thn wall 

eh Heparatt‘H tla* twe^ c{*lls nev<‘r (pule disappears and in ea(‘h (‘ase 
on do(*H not tak(^ phuu*. (Fig. 'M)j n.) 

t Iccamionally, (Ih* i)roj(‘(ttionK from the c(* 11 h und(Tgo an exec'SHive 
igation, Hinc<\ not having acu-omplished tlunr finudion, they form 
ttle bud at their (‘xtnunity. Often a cc^ll may giv(^ forth many 
H ri® 20 little proj(Hdiorm at dithu’ent points on its 

w ^ 2^ surface in difTc'nmt dinattioim and even 

capabU^ of ramific‘ation. In 
^ manner v(*ry peculiarly ahajxHl (h^Hb 

w/j® ^ ^ scHuinMl whi<th look like aineha(^ 

,^29 Without nui(*h doubt Lindn<*r obs(*rved 
f ^ analogous forms in the p(*llicle of (niltures 


Formation of t hc^ As(t in ^'VciiKt 
!•' ’* of Roh(‘. 




M) t 1 


3L — Ameboid Forms <»f A', SacclummiyccH HailiL (Fig. 31.) The 
"SUUu'latlll/ forum of copulation, (k^pictwl by thin 

f! Fornw have SiK>nilated author, KCKun to demonstrabi the exist- 
fier Lindner). (population in this yc*ast. Tlie 

dx>id <*c*Ils re{>reH(Uit, th<m, unsuca^ssful (population. 

Duly a certain mimlmr of the (^('11 b whicdi have just benm de-* 
mkI, almut 28 |kt ecmt, enter the fisc stage. All of the oth(*rH b(*- 
.e (h^generate ‘ha-ms. The as(^osiK)res, in th(^ number of from 1 to 
originate in tin* body of tlie (‘ell; but tlu^y are able to ent(‘r tlu** 
rior of the projc‘<‘tion which assumes a bulgcnl form. 

Guilliermond, A. 8ur la r^grewion (le la sexualit/i dans les levim‘S. Boc, do 

70, 101 L Hur la rt^prcKluction drs Dcibaroinyc'es globosim et sur quel(pK!» 
oml^nm de rdtn>gnidation de la m^xualit^ des kvures. Comp. Rend. Acad. 
■^ciencc«, 151, 1011. 
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Fig. 32. — Partheno- 
genetic Variety of 
Saccharomyces Lvd-^ 
wigii. Germina- 
tion of Ascospores. 


Thus, these examples indicate that, in many of the yeasts, the 
ascogenous cells which represent gametes, develop by parthenogenesis, 
preserving, nevertheless, a little of their sexual 
attraction; this is insufficiently developed to insure 
copulation. These species include the yeasts which 
have completely lost all traces of sexuahty, and in 
which sexuality is definitely estabhshed, such as 
the Saccharomyces and the majority of yeasts. 

We have seen that certain yeasts, as S. Lud- 
wigii f Johannisherg II and Willia Saturnus, after 
having lost their primitive sexuality, have experi- 
enced the need of compensating tliis by a parthenog- 
amy which consists in the nuclear and protoplasmic 
fusion of ascospores, two by two. But even this 
secondary sexuality seems 
to disappear. Thus in Sac- i C^O 

charomyces Ludioigii about 
one-fourth of the spores 
germinate without copula- 
tion, With regard to the 
yeast Johannisberg II, and 
Willia Saturnus, parthe- 
nogamy is .observed in only 
one-half of the ascospores. 

We have had opportunity 
to study a variety of yeast 
Saccharomyces Ludwigii, 
arising from a culture of 
Hansen^s, which did not 
offer any trace of parthe- 
nogamy. The ascospores 
formed long projections 
which attempted to join 
but never accomplished 
this end. (Fig. 32.) 

All this shows in an 
exact manner that the 
yeasts make one of very 
many examples of a group 
in which sexuahty is in the 
act of retrograding and in 
which one may follow each 
step in the accomplishment of this phenomenon. 
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Fig. 33. — Scheme Representing the Development 
of Forms of Yeasts. 

1, Sch. octosporus (isogamic); 2, Zygosoccharomyces Barkeri 
(isogamic); 3, “Yeast 6“ of Pearse and Barker (inter- 
mediate forms between iso- and heterogamy) ; 4, Zygo- 
sacch. chevali&ri (heterogamy) ; 5, Nadsonia (heterogamy 
and ascs resulting from the budding of eggs) ; 6, Yeast 
of Rose (parthenogamy with traces of sexual attraction); 
7, S. cerevisiae, (parthenogenesis); 8, S. Ludwigii (par- 
thenogamy between spores). 



From this point of 
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the y(‘usts an^ (‘oinparahk^ to Haprolvgniaceacj in which Ikiry has 
pointcMl out a similar proccsss. 

If ()U(‘ glanc(‘.s ov<‘r th(* J^ac(*hiin)niyc(‘s, h(‘ will Ix^ al)Ic to (lis- 
tiuKuish four st(‘ps in tlu^ profi:r(‘ssiv<‘ evolution of s(‘xuality (Fij^. 
llli): firstly, those* whi(‘h have pr<‘scM*ve(l an(*<*stral copulation in orip;in 
of tlu" asc {Schiz(>s(iccliarufni/(rsy ZijgimurfHmimycvi^ and Debar omyces 
glohimiH); seconelly, those which have lost this (‘harac‘teristi(‘ hut 
may liav{‘ kept tra(*<*sof if {Schinuiaittniuces {Hri(leNiah\H, TornlaHpara 
Delfa'Urkiy and the ye*ast of I.. Hosed; thirdly, thejse* whie‘h luive lost 
ance^stral c‘e>pulation and re*pla(‘t*el it hy a partlu‘noji!:amy ladwe^en aseo- 
speaes (J(»hannis!H*rg 11, Willia Satiirnu.H anel X. Liidwigii); fenirthly, 
thewe w!ue‘h have lost all iruc{‘s of ce^ptdation and have* IxTome* par- 
.thenog;enc*tic. 

Germination of Ascospores 

\VlH*n p!ae*(*d unele*r favorable* conditions, use'osporess g<‘nninahi 
and proeluea* nuine*rous V(*Ke*tnt ive* 

<'c*IIs. ‘The* nia.rm{*r e^f this is dif- 
f(*r<*nt anel de*p(*nds upe>n thcj sp(‘ci<‘H. 

Fimt Mxamph*, SacchantanjeeH 
rererimae (Mk, 31): L(*t us start 
this diHe’Ussie>n with S. cereinmne^ 
whudi lias he‘(*n studi(*<l hy Hans(*nd 
In the* first phase's eif gt'nnination, 
the as(’osp«ire‘s und(*r^o a Hwi'llin^z; 
hut the wall suhsists. This swe'llin^ 
is HO gre*at that the* ase*oHpe)rt*H, hy 
mc'aim of the* fire'ssure^ whi<*h th<*y 
c*xe*rt on one* unothe*r, ^ive* the* iin- 
pre*Hsiou that tlie* use* is cluunl)e*re‘eL 
In fae*!, tlif* walls of the* ase'ospein^s 
(*nfe*r into inf iniatee'ontaed , anel ofteai 
thc*y fuse e*ompIe‘lc*ly in sucli a way 
tliat tlieaeare* re'ally walls in the* use 
wliich the*n !)(‘com<*sa ce»II with many 
cliamhe*rs. (Fig. 34, /, anel g,) 

Durinii: this time* the* wall of the ase 
lK*come*H thinn{*r anel finally breaks. 

It acts as a plaite*d V{*il which re*tainH 
tlic* ascempore'H, or is ('omphde'ly al>- 
sorlM*d l)y tin* iiHe‘osf)ore*s. Ea(‘h ase'ospore* then takers the* form of 

* Hanwru F, C, Il<3{!!if*re4K»s eur la rnorjihologiej e*! pliysiologit^ di*8 ferment# 
alcexiliquc*, 3, 1S!)L 



Fig. 34. — (leaminatiem of AH(*oHiK>rea 
in ^^nrrhftromgrrn nrvvtHiav (Oh- 
HeTvalioiiH frean a Be')tte*h(‘r Meast 
( ’iiamher}. 

fi. ehm* in lui ««<% ihi* wiUl of whiah 

hiiM lirokMi; o' nntl fc«*onif>weion «»f 
lhm‘ tm' with fmir ituni- 

//, j 4 »*nniTinti«ai cif thiw* four awni- 
tho wall of th(» wo iw l»rok«*uj r, wn 
with four HH£’omM)rr«, throf* of whu’h 
vinililo; r* fUMl r , |i:('riuiimti«ii of thm* iw» 
faiti|>oro«; in ti»o wiiU of thoauf i« hrokou, in 
c" Inuhiinte Inw cttinnuuiwl; £/, iwr with thtw 
{i«fOHiMjre‘3w; d miul d\ jffcrrnhitttitui of thiw* 
in rCMito wru! of thi» iw k l»f«»k«*n; 
f, t'"*, r"", vnritm» in tho xor- 

miiiHtiiui <»f two ftsmwporw in tin iiw; in 
fiMWMKtroa hiivo fuiWHl into ii 
mnglo ono hy almormii^ tho ufawimtiJiK wiUl; 
/, A u* f/t W‘rnunation of imotwiKiroP 
in two iiHoa; h, /V, find h'\ germination of two 
n»e<mporew in nn me.; in /r' the wall iK'lween 
(he tw<t aacoflporoi Iran {ii*iippmr«U ti 
Mingle eell k thuH formcnl (after Haiwenj. 
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an ordinary vegetative cell. It commences to form a l>uti al suiia* 
point on its surface (d, e, and /). This bud generally appears affer 
the rupture or the absorption of the wall of the ase, hut if ina\' 
appear on the interior of the asc. Its appearance is scKm lelhnveil 

by the formation of new buds whieh 
are formed at various parts of the sur- 
face of the aseospore. During the 
formation of these buds, the* asc*c^sp<jres 
remain united but separate* rapidl.v. 
Finally these germinate*; tla* astatspurt*s 
swell up and bud (|uie‘kly after the 
manner of a v(*g(‘tativ(* e{*Il. 

Hansen has oftem obsc*rv(‘d» during 
budding, the fusion of tw<^ aset^spures 
in a cell. But this fusion, which only 
appears in an exceptional manner, 
not comparaI)le to copulation which 
has been dc^scribed in c(*rfain ytatsls. 
as S. Ludwigii. It takes pliua* only 
after the aseospor(*s have* coimnenred 
_ to bud, generally b(dw<*(*n an asetwpore 



.. two aocospores gern.inate without fus- aSCOSponi wlllcl. is Ilut .\Vt .1.- 

that 

served to nourish the o(h<*r, and thaf 
a case of parasitism was involved. 

In the majority of yeasts, notably in ^SacchariniigccH Pasinritmus 
and in many of the industrial, yeasts, germination oc(*urs in the same 
manner as in S. cerevisiae. However in 
certain species, germination of ascospores ^ 
is preceded by a copulation (parthenog- 
amy) ; this is the case with yeasts 
already mentioned, as Johannisberg II, 

S. intermedins, turbidans,md ellipsoideus, ^ ^ V 

It will be recaUed that in this species o. f 

tne ascospoies, after swelling up, unite spores in Saedmmmiifrn. 
two by two by means of a copulation 

canal. A zygospore is thus formed by Aiw.«t..r«. 

the fusion of two ascospores. Budding takes place at the exrxmse of 
the copulation canal. (Fig. 35.) It is produced at some jK.int on its 
surtace. Often many buds appear simultaneously at dilTenmt iH.ints 
on the canal of copulation. Eventually, it happeas that the hud.n 
originate at the expense of the ascospores themselves. In the mean- 
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time, about one-half of the ascospores undergo this copulation;, the 
others germinate by themselves without fusion. 

Second Example, Saccharomy codes: The ascospores of the genus 
Saccharomy codes, which has been described for the first time by 
Hansen in Saccharomyces Ludwigii, germinate in a somewhat special- 
ized manner. As we have seen, the ascospores of this yeast are almost 
constantly in the number of four in each asc. The wall of the asc is 
able to break before the germination to free the ascospores. More 
often they persist during the first phases. 

Germination begins always by a swelling 
of the ascospores. Whether these spring 
from old or young cultures, has much to 
do with the development. 

In the first case, the majority of as- 
cospores, a little swollen, undergo a 
copulation which has been described in a 
preceding paragraph and upon which we 
shall not dwell at this time. The asco- 
spores, ordinarily united in ascs in which 
the membrane is not broken, put out 
a little protuberance by means of which 
they unite two by two. The middle wall 
by which they are separated rather 
quickly disappears. Sometimes copulation 
takes place slowly; the protuberances put 
out by each cell elongate and fuse at the Fig. 37. — Germination of very 
ends after having gone along together for Ascospores in Saccharo- 

, . rpi xt T 1 VI ^ 2 /ces Lvdmgii. 

some time, ihe ascospore then looks like 

a horse-shoe. (Fig. 37, a and c.) In some cases, one sees the fusion of 
three ascospores in the same asc in a single zygospore (Fig. 36, A). 
This, however, is very rare. 

The copulation of the ascospores being incomplete, the zygospore 
is made up of two enlargements united by a copulation canal in 
which is concentrated the nucleus and protoplasm. This commences 
to germinate by a procedure intermediate between budding and 
transverse division. The center of this canal elongates into a little 
germination tube. This tube perforates the wall of the asc if it is 
not already absorbed, until it swells in its upper part. This then 
separates itself from the rest of the germination tube by a little 
wall and a slight circular constriction. The cell formed in this manner 
detaches itself from the zygospore, which forms new cells by the 
same procedure. Sometimes, the first cell formed by the zygospore, 
without detaching itself, gives birth to one or many more cells which 
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remain attached to one another, making a chain. With rare excep- 
tions, the copulation canal of the zygospore germinates always in 
the same way. The simultaneous production of many buds is not 
observed at many points on the surface as with the yeast Johannis- 
berg II. 

About four ascospores germinate alone without preliminary 
copulation. In this case, after swelling, they form a new germinating 
tube in which the end is enlarged and take the form of an ordinary 
vegetative cell. Here again germination takes place only in a single 
direction and the ascospore forms only a single germinating tube at 
a time. 

The germination of old ascospores is accomplished in a different 
manner. Hansen has observed that old ascospores, whether due to 
humidity or dryness, lose their tendency to fuse and germinate alone. 
They develop, then, in a peculiar manner. Each forms a germinat- 
ing tube which, in developing, produces a long filamentous form of 
very many cells superimposed and capable of ramifying. It presents 
something the appearance of a mycehum. Hansen has given the 
name promycelium to this formation and compared it to the filaments 
which result from the germination of chlamydospores of the Ustila- 
ginales. Guilliermond has verified this observation in the germina- 
tion of ascospores from old cultures and his observations have allowed 
an explanation of this structure, improperly called a promycelium. 
As has been said in the preceding paragraph, the ascospores from 
very old cultures find themselves obstructed in copulation. A great 
number are dead, and the cells which survive are often isolated and 
surrounded by spores which are incapable of developing. On account 
of this they may have to search other ascs with which to unite. 
They send out long tubes more or less branched which may accom- 
plish a fusion but which more often do not unite. In this case the 
tubes end up by walling off cells which dissociate and take the form 
of vegetative cells. Under such conditions the greater part of the 
ascospores find it necessary to germinate alone. One usually finds 
a few which are able to copulate. 

Let us recall what we have described in S. Ludivigii, in which 
the ascospores always germinate without preliminary copulation. 
However, many of them preserve their traces of sexual attraction, 
and send out, in germinating, long protuberances which do not accom- 
plish anything. 

The germination of the ascospores of S. Ludwigii differs essen- 
tially from the other yeasts, and in this one the ascospores, copulated 
or not, do not produce many buds at various points on the surface, 
but germinate in a single direction in which they form a sort of 
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g. MS. ( H^rrniuation of Awo- 
jHporos in Will in ariomala (aft(T 
iiaiiHcn). 


A # GD <DG) ^ 


frmiiiiuitioii tulii-. 'I'liis s<‘i)anit('s ilu' ascosixin' by a t ransv('rs(> wall 
uccoiapanual by a siifjlb ci district ion. In tliis tlu' frcnniuation of the 
Hscosjum's does not difTer from the method of multiplieation of eelLs 
in this yi'ust whieli, as we havt‘ seeti, 

P'lK'nillv oeeurs at the end of the eell « .r-„ « ■ 

by a prcKH^HS intt^rnusliury lK‘t\vtM‘a bad- ^ ^ 

<liag and ( raiisvc*rs(‘ partition. 

Tlurd Kxain|>lt\ W(‘ havo s<s‘n ^7 x 

tliat the as('osptnM‘s of th(‘ gtams Willia "" 7 ’ 

present a HfMn’ial form. In IVillid ano- 

mahr t!a‘y an* lu‘mis|>h(Tieul ami an^ prcH ^ '' 'b 1 

vidc‘d witli a pnjjec’ting (Fig. HH, “ b’ 

a,) At tin* imnnt^nt of g(Tminati(m, Fig. MS. (lormination of Awo- 
wliieli has bt*en fc»Ilow(*d }>v HaihS(*n, tlu* ’jl^***'**^ h illut ariomala (aftor 

asecmpcin* h\V(*IIs and dnnng this its jut- 
ting out border <lisappears but nanains for some tiim^ during the 

(‘arly Htag(*H of budding. The aseo- 
A ^ p0 ^jQ spon* (eventually forms liuds at dif- 

f(er(‘nl points on its Burfa(*e. 

^ ^ ^ ^ In Willia Saturnus tlu* as{*ospore8 

^ U C 0 k W an* hanon-shaptHl and are girdled with 

proj(‘(‘ting ring. Tin* wall of tlie 

B ^ ^ ^ g(m(*rnlly dissolv(‘s bc'forc! ger- 

©" ^(3) J( A mination. This lH*ginH by a swcdling 

^ ^ th(e j)r()je(‘U 

^ ^ app(*arH or r(*mains; th(‘n a Herkss of 

I'ig. M!K of Ahco- j)r()du(*(*d at various points on 

in n tllm ISalurnuH. / ^ i 

th(‘ surface of the astsispont. In the 

course' of budding, tin* proj{‘eting tluTad disappears. (Klocker.O 

A. In many eaH{*s germination is pr(*e(*d(*d, as has 

laani stated in a for(*going paragraph, !iy a partlumo- 

gamie copulation of the* aH(*OHpor(^s. These*, during 

enlarg(*mc*nt, unite* two l>y two by m(*ans of a (‘o|>u- ^ 

lation eaiial. B. The fusion is in(‘onipk*t(^ and the Fif^. 40.~(i(‘rimme- 
, . , , , Ilf tion of AscoHpon*8 

zygos|)on* winch n*suItH g(*rmmut(*s by budding on Deimromyam 

all points of its surfa<‘(\, by prefeivnee on tlu* eopu- Mromm (after 

, , Kldeker). 

lation eanah 

Fourtli Fxample, DeharyomyauH globonm and 
meidentalin. Both of th(*B(* y(*asts have ^^'(‘uliarly shaped aaeospores 
in which it is wis(* to d(\serilH* germination. In 1). globosus the 

ascospore is round or globoid and envelop(‘d in a warty wall. When 

* Kllk‘ker, A. Fine uihk* HaccharomycoB Art (S. Satumus). Cornp. Rend, 
trav, lah. de Carlsherg, 0, HKKi. 
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it germinates, it undergoes at first a swelling during whirh 
warts disappear. (Klocker.^) 

The ascospores of Schw, occidentalis have also a wnrly ual! fin* I 
are divided into unequal parts. The largest of f h(‘S(‘ posse a pn^- 
jection thread. At the time of germination, tlu* snnillest |inrf of 
the ascospore, that wliieh do(‘s not imissohs I lie 
projecting portion, swells, Ioh(‘s its warfs, iiml 
gives the impression that the' asc*os|Mire pm- 
sesses two walls. The largeT parL that wliieli 
does not undergo an enlargeuneaif, ap|M»iirs 
clothed with an outer layeT whitL the* asm- 
spore tears when it grows. (Fig. -ri.) 

Fifth Example, Siwebaromyeopms tjuiiulnim: 
The ascospores of this ye^ast ui‘t' (*loitgiiti*i| aial 

Fig. 41. -Germination of ^ 

Ascospores in Schwan- branes, an endoplast and e'ctoplast. Acaairdiiig 

”aSdTng to Kitote)! Wilhelmi’* the geniiiiiation iM-giiw with un 
enlargement of the asc^osporc', wliirdi ji 

rupture of the ectoplast. (Fig. 42.) This nq)lun‘ is a«*miiiptiHhwl 
at one end or on the side. Soon after budding Ix'gins aiul proex^eds in 
the usual manner. During this l)U(lding, the (‘(‘toplnsl iMxximes 
irregular, shrivels up and leaves a little attaelaxi thc' asmspuff*. 

Sixth Example, Monospora cuspidaia and Nvmaitm 
spora Coryli: These two yeasts are also characteri/XHl by 
ascospores with special shapes. In Monospora cuspiihda 
the germination has been described by MetscLnikofT,* 

The ascospores shaped like needles germinates latorallv 
and in a prolonged form with oval buds. These break Fig. 12. 
apart slowly. 

In N ematospora coryli^ in which the aseospon's eirc* 
fusiform and terminate, at one or both ends, in a long 
cilium, the disappearance of this cilium is soon ae(*om- 
plished and the ascospore assumes the shape of a short 
thick cell. These bud also at one or both ends. 

Seventh Example, Schizosaccharomyces: With Sch, 
octosporus^ the ascospores are able to remain in the* intericir of the 

de 

BerlTenal^m' Inai'K- i Wt. 
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asc, but very often the wall of the asc is absorbed and the spores are 
set free. 

In the latter case, they may isolate themselves or remain united. 
At the time of germination, they commence to enlarge and become 
large cells similar to those in the vegetative stage. During this time 
the wall of the asc, if it exists up to ^ 

this time, breaks up and is absorbed. q[U CCtC/ 

But it often remains in the state of a (7 
veil during the partition of the asco- 
spores. The ascospores sometimes re- 
main spherical and form in the middle 
a wall which divides them into two 




Fig. 43.- 
spores 
Pombe, 


■ Germination of Asco- 
in Schizosaccharomyces 



daughter cells. These become round 
and separate. But more often they 
elongate. (Fig. 14, a.) 

In Sch. mellacei and Sch. Pombe the ascospores germinate after 
the absorption of the membrane of the asc. This absorption is 
accomplished very quickly. They enlarge and each gives rise to a 
little tube which soon divides and forms two bacilli-hke cells. Soon 
these, in their turn, divide in the same manner 
and furnish numerous generations of vegetative 
cells. 

Direct Germination of Ascospores in Asc: 
The investigations of Hansen and Guilliermond 
have shown that under certain conditions bud- 
ding may be suppressed and that the asco- 

Fig 44 — Abnormal Ger becoming enlarged, are susceptible 

mination of Ascospores to germination without undergoing multiplica- 

in Saccharomyces Lud~ 'pjylg produces, then, a curious shortening 

wigii, on slices of carrot. « , , , 

of the development. 

Hansen ^ has observed this phenomenon in 
Saccharomyces cerevisiae and the yeast Johan- 
nisberg II in the following manner. He placed some ascs of this 
yeast in beer wort in a Freudenreich flask. At the end of two hours, 
the ascospores enlarged and often copulated. After from three to five 
hours, the wall of the asc broke and the ascospores grew larger and 
larger. He placed some others in Freudenreich flasks containing a 
saturated solution of calcium sulfate. (It will be seen further on 
that calcium sulfate has the property of arresting immediate budding.) 
Under these conditions the ascospores are not able to germinate by 
budding and immediately go into ascs. 

^ Hansen, E. C. Recherches sur la physiologie et la morphologic^ des ferments 
alcooliques. Comp. Rend, des trav. lab. de Carlsberg, 5, 1902. 


The zygospore resulting from 
the fusion of two ascospores 
changes directly into an asc. 



36 MORPHOLOGY AND DEVELOPMENT OF YEASTS 

Guilliermond ^ accidentally observed the same phenomenon in the 
same yeast and in others (S. Lvdwigii, Willia Saturnus) by a pro- 
cedure much more simple, by making the yeast ascospore germinate 
on slices of carrot. In this nutrient medium, the ascospores ger- 
minate very rapidly and produce numerous generations of vegeta- 
tive cells. But at the end of a few days, 
the multiplication is arrested, probably by 
an accumulation of toxic substances which 
may play a r61e similar to the chalk. 
The cells are then caused to sporulate. 
But as the majority of ascospores ger- 
minate immediately in this medium, 
others, less vigorous, do not begin to ger- 
minate until the vegetative cells produced 
by the germination of the first begin to 
sporulate. Under these conditions, ger- 
mination of these tardy ascospores is 
without doubt restrained by the presence 
of toxic substances, secreted by the vege- 
tative cells. Thus they are not able to 
bud nor be transformed into ascs. With 
S. Ludwigii, for example, one may see fused ascospores which, with 
an enlarged copulation canal, produce new ascospores inside. We have 
formed, in this way, two swellings connected by an isthmus and 
resembling very closely an asc of Zygosaccharomyces or Schizosao 
charomyces. (Fig. 44.) Sometimes the ascospore attempts to ger- 
minate and produces a tube for germination which, not being able 
to complete its development, enters the asc stage. 

Guilliermond has found the same thing in Sch, octosporus. Here, 
the ascospores are able to fuse two by two and form an egg which 
soon is transformed into an asc. Often, they undergo one or two 
divisions, the daughter cells fusing to produce new ascs. (Fig. 45.) 

This direct germination of ascospores in the ascs is explained 
easily by the fact that the ascospores have the import of a vegetative 
cell. It may be able to sporulate when conditions are favorable 
and may not have need to undergo a preliminary multiplication. 

1 Guilliermond, A. Observations sur la germination des spores du S. Lud-- 
wigii. Bull. Soc. de mycol. de France, 2, 1903. 



zosaccharomyces octosporics on 
slices of carrot. 

The ascospores fuse two by two, pro- 
ducing ascs immediately, or soon 
form cross walls producing cells to 
make ascs. 


CHAPTER II 
CYTOLOGY OF YEASTS 


General Considerations. Historical 

F or many years the cytology of yeasts has been concerned with 
the nucleus. Do yeasts have nuclei like other organisms? Or, 
on the contrary, are they deprived of a nucleus and therefore an 
exception? The question of a nucleus in the yeasts has given rise to 
a greglt number of reported investigations which allow contradictory 
conclusions. Some authors, among others Dangeard, Janssens, 
LeBlanc, Bouin, etc., have described bodies in yeasts which seemed 
to them to be nuclei; but others, having noticed a great number of 
disseminated particles in the cells, have admitted the presence of a 
“ Diffused Nucleus.” They believe that the chromatin is more or 
less mixed with the protoplasm of the cell and sometimes condensed 
in the form of colored grains. Eischenschitz, having noticed that 
these grains were particularly abundant in the vacuole, admitted 
that this last was a sort of rudimentary nucleus. 

This conception was specified by Wagner^ in 1898 and again 
by Wagner and Peniston.^ These authors described in the yeasts, 
first, a vacuole, vacuole nucleare, filled with chromatin particles, and 
secondly, a nucleole of homogeneous appearance, situated at the 
exterior of this vacuole but always close to it. The whole of this 
vacuole is filled with particles of chromatin and, according to these 
authors, is a rudimentary nucleus representing a primitive step in the 
phylogenetic development of the nucleus. 

Guilliermond^ has given this debated question of yeast structure 
much study since 1901. It has been shown that the interpretation 
of Wagner is inexact, and the yeasts have a structure identical with 

1 Wagner, H. The nucleus of the yeast plant. Ann. of Botany, 12, 1898. 
2 Wagner, H., and Peniston, A: Cytological observations on the yeast plant. 
Ann. of Botany, 24, 1910. 

3 Guilliermond, A. Recherches sur la structure de quelques chanapignons 
inf^rieurs. Comp. Rend. Acad, des Sciences, 133, 1901. Recherches histologiques 
sur la sporulation des levures. Comp. Rend. Acad. Sci. 133, 1901. Recherches 
cytologiques sur la levure. Thesis for Doctor of Science, Paris, 1902. Re- 
marques sur differentes publications parues r^cemment sur la cytologie des levures, 
Cent. Bot. 26, 1910. Nouvelles recherches sur la cytologie des levures. Comp. 
Rend. Acad. Sci. 150, 1910. 
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that of other fungi cells with a perfectly characterized micleus. 
These investigations have shown that the body which Wagner took 
for a nuclear vacuole is in reality another thing — simply a vacuole 
with metachromatic corpuscles. In contradistinction to the nucleus 
of Wagner, it is not homogeneous. The existence of a nucleus can- 
not be doubted. The presence of it is now admitted. 

Let us now investigate with detail the different elements which 
make up the yeast cell, that is, the nucleus, cytoplasm, the c^kauents 
which it contains, and finally the cell membrane. Then IH us 
review the phenomena which evolution has accomplished in tlu^ (*(‘11. 


The Nucleus 

The nucleus is relatively large in comparison to the (adl (about 
1 g in diameter). It occupies a variable position, depending upon 

the form of the cell and its stage of (l(;v(il()p- 
ment. Whatever its location, it is ()ft(ai 
closely associated with the vacuole which 
encloses the metachromatic gramik‘s. This 
is easily explained by the fact that th(‘ 
nucleus seems to play a i61c in nutrition and 
secretion, and that the vacuole is tluj s(‘at of 
an intense secretion. 

The nucleus almost always pr(vs(‘nts a 
well-differentiated structure. It is surround(‘d 
by a colored membrane, filled with a (toIorkNss 
interior in which are a nucleolus and a chro- 
matic framework more or less al)undant and 
visible, depending upon the species. (Fig. 
46.) In S. cerevisiae this chromatic frame- 
work is very distinct, the chromatin being particularly abundant. 
By its structure this nucleus is not distinguishable from the nucknm 
of other organisms, notably those which are present in most of tlu* 
fungi. Today the nucleus is unique even in those cells which are (don- 
gated and which tend to form the rudiments of a mycelium. Lat(‘r 
on we shall take up nuclear division. 



Fig. 46. — Saccharomyces 
ellipsoideus with Its 
Nucleus. 

From a Preparation Stained 
with Hematoxylin. 


The Cytoplasm and Its Different Products 

The cytoplasm undergoes, as will be seen in connection with tht' 
evolution of cells, great variations in the course of dev(>lo})in('nt. 
Very dense and homogeneous in young cells, it encloses in the ma- 
jority of yeasts, especially the spherical or oval yeasts (»S'. cerc- 
visiae, eUipsoideiis, Pastorianus, etc.), a vacuole filled with corpuscles 
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(nuclear vacuole of Wanner). Soinetiines in the long yeast (x^lLs 
(S. LudwigUj Sch. Ponibe and 7nellaceiy Mycoderma) it possessc^s 
two such vacuoles situated at l)oth ends of the cell and separated by 
a sort of very dense cytoplasmic l^ridge in whicli the nucleus is 
situated. (Fig. 47, 5.) In the course of development other vacuoles 
may appear at the side of these and includes glycogen, giving tlu^ cell 
an alveolar apixiarancc':. At the same time, the cytoplasmic struc- 
ture which limits these vacuoles is filled with numerous grains of 
various forms and siz;('s which 
are colored in tlu^ same 
manner as the nu(‘leus which 
we have calkul hasophile 
grains.” Finally, dropk'ts of 
fat are also'oftcm s(Hm. 

The cytoi)lasm is then 
th(^ seat of numerous s(M*r(^- 
t i o n s: m e t a c h r o m a t i (‘, 
granules, glycogen, basophile 
grains, and fats. The cthar- 
a(‘t(Ts of th(\s(^ sp(xiial i)rod- 
ucts will now be taken up. 

A, Mctachroniatic (h'anules: Tluf m(-ta{4u*omati(‘ granuk^s, whicdi 
weni first studi(^d by (Uiilliermond,^ constituh" th(i most impor- 
tant ('lem(‘nt.s which an^ found in yeiists. Tlu'y Htmn to play a 
v(‘ry important r6k^ in (udlular lif(^ Th(‘S(^ bodies are almost ex- 
(‘lusiv(‘ly lo(tali;5(‘d in (;ertain vacuolcis, it in a r(‘gular vacuole 
(Huuipying the middle of the cell or in two ])olar vacuok‘s. They are 
able to i^xist. also in th(^ cytoplasm whi(‘h surrounds tlu^ vacuoles. 
It is th(‘r(» tliat tluy s(xnn to originate (^lal)orated l)y cytophism and 
probal)ly with the participation of the nu(4eus, het^ause it is almost 
always in contact with tlui vacuoles. Once elaborated by tlie cyto- 
plasm, th(^y lo(!jdiz:e in th(i vacnioles, at whos(i exjKumc^ they enlarge, 
in ordc^r to eventually dissolvti at the tina^ of tluar utilii^ation, Hie 
mc‘tachromatic corpusek^s are easily visible in living cc^IIh when^ they 
appcnir as n^fractive partic^les in the va(*uok\s, and hchuiDIo poasess a 
Brownian movxunent. They may Ix^ fixed in thc^ living condition by 
su(‘h dyes as methykme blue, neutral red, toluidin blue, (dc. 

^ (luillienrKxui, A. IlcxdicrchciS sur la structure de quclques chainpignoas 
inf^rieurs. (V)nip. Rend. A(‘ad. Hci. 133, 11)01. 

(luilliennond, A. Rech(‘rch(^ histologiques sur la eporulation d{‘H levures. 
Pomp. Rend. Acad. Hci. 133, 1901. 

( Juilliennond, A. Rech(‘rdK*8 cytologiques aur les levures (?{ (|uelqueB 
rnoissures i\ forme levun^s. Tlx^sis for the Doct-orate at the Sorlx)nue, Storek, exit. 
Lyon, 1902. 



Fig. 47. — Yetist ('dls with Nuckd (n) and 
M<aachromati(^ (k)rpuHel(‘H (cm). From a 
Stained Pr(‘parat ion. 

14, S. cerevifinf, Iw^inninj? of f<‘rrn«*«tnti<»ti : S. Lud- 

wiffii, hoginninju: of ftTrumUntion; (I H), <*volutio)[j of 
inotaohroniatic corpowcU'H {iorirtg wporuliition. 
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The investigations of Dangeard have shown that the metachro- 
matic granules are produced from a condensation of a metachromatin 
matter existing in the vacuole in the state of a colloidal solutioiL 
In the living cell they are rather numerous, but staining brings out 
larger numbers. The metachromatin precipitates under the in- 
fluence of the vital stains. It acts the same way towards fixativ(^s. 

After fixation by alcohol, the granules are stained more dec'ply 
than the nucleus by the nuclear stains. They take the colors of thc^, 
basic anihne blue and violet dyes and assume a color between a red 
and violet. With hemotoxyline or hematine they are colored a win<^ 
red. This metachromatism, to which they owe their name, distin- 
guishes closely between the nucleus and other bodies in the cell. 

The metachromatic corpuscles are present in great abundance 
not only in yeasts but also in many of the Protista. Wo have shown 
that they are identical with other bodies which have been ()bs(‘rv(‘(l 
foi’inerly in the bacteria and Cyanophyceae by Babes and BiH.schli, and 
regarded as grains of chromatin. Biitschli has called tla^m “ R(*d 
granules on account of their metachromatism and w(^ have rc'laim^d 
by reason of its priority the term metachromatic granule's sug- 
gested by Babes. This ought to be used also instead of team 
grains volutine proposed by A. Meyer.^ The m(^ta(‘hroinati(' 
granules have been pointed out, since, in the fungi, algat*:, and 
protozoa. On the contrary they do not seem to be prevsont iii th(^ 
Metazoa or the Metaphytes. According to the observations of A. Mc'yor 
and Guilliermond, in collaboration with Beauverie,^ the glol)oid grains of 
the Phanerogames contain, associated with glycerol or sa(;charine 
phosphates, a nitrogenous substance which seems to be mu(‘Ji like 
the substance which makes up the metachromatic granuk^s. I'his is 
metachromatin, more or less like that which is found in ycuists. ''fllu^ 
granulations of Mastzellen or leucocytes present histo-chemi(^al proj)- 
erties, much like those of metachromatin, as has been pointc^d out 
by the investigations of Guilliermond^ and Mawas. 

There is, then, sufficient evidence for considering tlui m('(a- 
chromatin as composed of nucleic acids. The recent investigations of 
van Herwerden have given good reasons for favoring this hypoth(\sis. 
By cultivating yeasts in media completely deprived of phosf)hat('s, 
this author has noticed that these yeasts never contain the U'ast 

^ Meyer, A. Orientierende Untersuchungen iiber Verbreitung, Morph, und 
Chemie des Volutins. Bot. Zeitg. 62, 1904. 

2 Beauverie, J., and Guilhermond, A. Note pr61iminaire sur l(;s globoides. 
Comp. Rend. Acad. Sciences, 1906. 

Guilliermond, A., and Mawas, J. Caracteres histo-chimiques des granu- 
lations des Mastzellen. Comp. Rend. Acad. Biol. 64, 1908. 
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trace of nietacliroinatic^ granules in their e(‘lls. On the otlu^r hand, 
by cultivating thes(‘ yeasts whi(di liav(i Ixhhi d(^priv(Hl of their granules 
in media with phosphate, van llerwerdeu has noticed the immediate 
appearance of metacliromatic (X)rpuscl(‘s. A nucleic acid compound 
is extracted, along with volutin or metachromatin, by dilute alkali 
from Torula 7nonosa and jt^acchammyces areviaiae. This cannot be 
obtained from an equal quantity of volutin-free culture. This schuus 
to prove what has been indirectly supportcnl in the past, that meta- 
chromatin is made up of a nuckic acid compound. No doubt 
obtains but that the nu(d(uc ticul from y(‘ast originally came from 
the volutin. This nu(d(nc acid is d(M‘ompos('d by a nuck^ase formed 
in the Torula c(^lls, in whi{‘h pnxu'ss th(^ formation of phosphoric 
acid could be demonstrated. The nudachromatin frec^ cultun^s also 
contain a nucleases. This is contrary to the opinion of Ihmneberg 
who claims that tlu^ nud.achromat.in is the (uizyme its(‘lf. This sub- 
stance, according to van Ilerwenkui, is probably a nu(‘l(‘i(i acid and 
po8sil)!y a n^serve material. Whik^ it may not hi) indisixmsable for 
the growth of the ccdls it may Ix^ of importamte in th(‘ir individual 
development. It may Ix^ relabel to t,he fernumting ability by supply- 
ing small amounts of i)hosphates^ whi(?h may be lilxu’ated from the 
nucleic acid by tiui uucleas(^ 

The meta(‘.hromati(t corpusck\s mx) c(^rtainly nitrog(mouH products, 
but their exact chemi(!al natun^ is not (x>mi)l(*t(‘ly known. However, 
after the investigat-ions of M(\yer, Kohl,'*^ and Rcuc'hnow,^ it is ad- 
mitted that they rcisult from a combination of mu^kuc acids. Kohl 
regards them as nu(Lx)j)rot(uns. Mey(‘r has (kunonst.rabxl that the 
liisto-chemical nxudions of metachromatin r(‘S(unbk^ those of nucleic 
acid and that tluuxi are otluu- organisms whi(’h (*h(mn(‘al analysis 
reveals to hav(i morci nuckuc; acid, as the yc^asts and cx^rtain bacteria, 
wliich contain more (;hromatin. Kossed has Ixxm abk^ to isolate 
from yeasts a large amount of nuckdc acid, and this scHuns dispro- 
portionatc^ to tlunr ndativedy larger nu<*kHis. It is proI>abIe that a 
greater part of this nuckne acid comes from chromatin, Reichnow® 
has demonstrated that in Haematococais plmmlLs, whivh normally 
contains much metachromatin, this substarux'. disapix^ars and dex^ 
not re-form when the alga is cultivatcxl in a mcxlium entindy devoid 
of phosphorus. Niudcdc acid is especially rich in phosphorus. On 
the other hand the r(\searches of Giernsa scxun to indic^ate that 

^ The investigations of Lewene and Kossed have indicated the presence of 
large amounts of j)hosphoric a(ud in y(»asts. 

2 Kohl, G. Ilefepilxe, Txiipzig, 1908. 

^ Eci(dmow, E. UnUirsixjlmngeu an Ilaematococeus pluvialis. Arb, a. d. 
Kaiserl. Gesundheitsainte, 33, 1909. 
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the affinity of the nucleus for dyes depends upon the content of 
metaphosphoric acid. Perhaps, with a little reservation, we may 
explain the staining properties of the metachromatin in the sanu^ 
manner. 

With regard to the role of the metachromatin, our knowledge is 
happily more complete. Certain bacteriologists have tried to connect 
the pathogenicity of bacteria with their content of granules. Th(\y 
have regarded these as the toxic products of the bacteria or, more 
definitely, as products initial to the secretion of toxins. This theory 
was supported by Behring,^ who pretended to have extractcxl th(? 
metachromatin from Bacterium tuberculosis and stated that this sub- 
stance corresponded to the toxin of that Bacterium. According to him 
a gram of this substance on the dry basis will be as toxic as a liter 
of Koch^s tuberculin. It is probable that the metachromatin isolatcnl 
by Behring was not in the pure state. The investigations of Guillic^r- 
mond have indicated that the metachromatin has no relation to 
toxins, and that it ought to be regarded as a reserve product. The 
metachromatic granules are quite abundant during periods of great 
vital activity in the yeasts. They diminish and finally disappear in 
old cultures. They disappear very quickly in yeasts undergoiTig 
inanition. 

Henneberg^ has attempted to show that the metachromaiicj 
granules are related to fermentation. According to this investigator, 
it is during the period of greatest fermenting activity that thc^s(^ 
bodies are most highly abundant in the yeast cell. This is also 
accompanied with an increase in metachromatin (volutin). Tlu^ 
addition of phosphates, which caused a great increase in the ferment- 
ing ability of the cells, also caused an increase in metachromatin. 
Henneberg thinks that metachromatin is the zymase itself. Bincti 
these metachromatic corpuscles are found in all fungi, Hennciiberg 
states that metachromatism may be a general reaction for a certain 
group of enzymes, just as the guaiac reaction is characteristic for all 
oxidases. This theory is almost untenable. 

The role of the metachromatin explains itself when the sporula- 
tion of yeasts is studied. It has been stated that the metachromatic 
corpuscles accumulate in yeast cells destined to sporulate. They 
dissolve, and following this, are absorbed by the ascospores, and 
disappear entirely in the maturity of these cells. (Fig. 47.) They 
undergo the same evolution as the fats and glycogen, which are 

1 Behring. Congres de la tnberculose, Paris, 1906. 

2 Henneberg, Volutin of the yeast cell. Woch. Brau. 32 (1915), 301-4, 320-3, 
326-9, 335-7, 345-7, 351-4. On' the volutin (metachromatic granules) in the 
yeast cell. Cent. Bakt. Abt. II, 45 (1916), 50-62. 
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very abundant in the c^olls aliout to sporulato, and play, like them, 
the role of rt'serve^ material. The results wlutdi have betni setuired 
by Guillierinond ’ on the evolution of the nudafdiromat ics in the 
higher ascomycet(\s and various molds have confirnuHl this opinion. 
In the young as(‘s of tlu^ higher ascomycetes, the many mctachro- 
matic granules collet^t about the asco- 
spores in formation when they are 
finally absorlied by the aseosponis. In 
the molds (Pen'icilKurn^ Hterigmato- 
cystis) they acuaimulatci in the fruiting 
heads and serve in tlui nutrition of 
the conidia. Van llerwerden admits 
that these bodices ix^prescnit r(‘S(»rv(^ 
products which will be de(U)mp()S(Ml 
by a nuelease with the formation of 
phosphoric acid, and this favors th(^ 
fermentation. 

According to Amata,^ two kinds of 
lipoidal granulations may Ixi demon- 
stratfxl in th(^ yc^asts by Soudan III. 

Some resist tlui fat solvents after 
treatment with organic acids and become lihu^kcuuxl The others 

become a brownish (xdor aft<*r tnmtment 
with organic acids and ’an^ disHolvcnl in 
xylol and ether. Ti'ht^ first tyjKi is h^ss 
abundant than tlu^ secHind tyfxi. 

B, (rlycogen: (Jly(‘og(‘n was obstTvcxl 
for th(‘ first time in ycdists by Ern'ra.^ It 
is very abundant, in th(* (‘(dls. It is easily 
n^cognizcxl by tlu^ lirown color (mahogany) 
whicth it gives with iodin in potassium 
iodide. The color disappe^ars when the 
solution is heated to t)()^\ Init reappcuirs 
when it cools. Glycogcm (exists in almost 
all of the yeasts; how(W(T, ecuiain species 
do not contain it at any moment in their development, fx^rhaps because 
it is used up as soon as it is formed. In this cat(‘gory, belong S, 
apiculatuSj eziguus, and the BchizosaccharomyccH, On the contrary, we 

^ Guilliermond, A. Ck)ntr. k T^tude dc la formation asciucB et do lYpiplasm 
des Ascomyedtes. Rev. g6n, de Bot. 14, 1903. 

2 Amata, A, Ueber die Lipoide der Blastomyccten. Cent, Bakt. Abt. 11, 42, 
1915. 

^ Errera, L. L’6piplasm des ascomycl^tcjs at le glycogftne doB v6g6taux. Thci^is 
d'agr^gation des sciences, Brussels, 1882. 



Fig. 49, — Formation of Net- 
work and Yeast (kills. The 
Latter have be(in Ck)lor(‘d 
with Methyl Violet. The 
Network is Uncolored. Borne 
Cells are still Found in the 
Meshes, but Most of them 
are Removed (after Hansen). 



44 CYTOLOGY OF YEASTS 

have seen that the ascospores of the ^iMmcclumunyces (iontain some 
starch which coUects in the wall. This .sul)sianc(‘ ix^placcs glycoghn 
and is used as a reserve during gerniinatiou of th(^ >si)ok s. Glycogen 
appears in the cells from the beginning of fcn-mcntatiou and reaches its 
maximum after 48 hours. It is almost always localized in the vacuoles 
distinct from those which contain the metachromatic granules. 
It diminishes gradually and disappears entirely towards the end of 
fermentation. During sporulation it accuimilates in gr(>at cpiantities 
in the ascs and is absorbed by the ascospores during tluhr maturity. 

C. Basophile Granules: These granules, veiy rare in young cells, 
become very numerous in course of developiiKsit, (>sp('clally between 

12 and 24 hours, (h'ig. r)(), 5 and 8.) 
They are not visible^ in the livinj^ cells 
and do not take stains. For the most 
part, they rc^sist fixation and present 
somewhat tlu^ sanic^ color charactciristies 
as the chromatin. TIu\y are stained 
especially by lu^matoxylin which ^ives 
them an intense black color like the 
nucleus. This is Ic^ss r(\sistant and 
they arc easily det^olorized. With the 
other nuclear stains, they diirerentiate 
themselves k^ss (closely from the nu- 
cleus. Theses j^ranukis otTer variable 
shapes and dinu^nsions. Many are 
angular, and certain authors, as Hiero- 
nymus and Kohl, have regarded them as crystalloids of protein. A 
close examination, however, reveals that they nw. not crystalline. 

The basophile grains are probably all)uminoid substances, but it 
is not possible to state precisely their r6Ie. Tlu^y are in all cases 
substances of nutrition (reserve materials) and do not secun to have 
a relation to fermentation, because they ai)i)ear as well in yeasts 
cultivated under aerobic conditions, as in yeasts in the process of 
fermentation. On the other hand, they are numerous at the moment 
of sporulation and contribute to the formation of tlu^ as(*ospores. 

D. Fats: These are present in the living cells und(u* the form of 
refractive granules of variable size, situated in tlie ctytoplasm, and 
are stained brown with osrnic acid. Will has been abki to color 
them red by means of tincture of alkanna and has brought about 
their dissolution by ether. Very abundant at the beginning of de- 
velopment in certain species {Deharomyces globosus, Sch. ocddentalis, 
Torulaspora, Torula), these fat globules are absemt or rather widely 
distributed in other yeasts, especially the industrial varieties. In 



Fig. 50. — Saccharomyces cerevisiae 
in a Preparation Colored with 
Ferric Hematozyline. 

1 to 4, beginning of fermentation; 6 to 8, be- 
tween 12 and 24 hours; 9, after 48 hours. 
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the majority of yeasts, tlu\y appear esi)e(*ially during sporulation and 
serve as food for tlu^ aseospor<‘s. TIu\v ar(% them, r(^s(‘rve products. 
Fat globuhvs are also ol)S(‘rved in old (*(^lls, l)ut in this cas<' se(un to be 
due to a degeneration of the cytoplasm. 

The Membrane 

The membrane of tlu^ y(‘asts is thi(‘k and pr(\s(mts a double layer 
(piite distiiKd-. With th(‘ <‘xc('pti<>n of S. gninulatus^ it is providt'd 
with isolab^l granulations which an^ phw‘(‘d in n^gular fashion. W(^ 
liave seen also that the as(‘ospor(‘s of c(‘riain y(‘asts may othu* a 
warty nuanbraiu^ The (diemical constitution of tlu^ nu‘ml>rane is 
only slightly known. 

A<‘C()rding to (‘lu^mical analyses of Schlossb<‘rg<‘r, it (‘ontains a 
special (u^llulose which r(\seml)l(\s fungiru^ or m(‘tac(‘IluIos(‘, and is 
distinguish(‘d from the tnu^ e<‘lIulc)S(i by its insolubility in ammoniacal 
cupric oxid(‘, and reacts dithwently toward iodin. 

Lieb(Tiuann and Bitto in tr(‘ating yeasts succ(»ssively with a(‘ids 
and alkali obtairuHl a (‘(‘llulosc^ which gav<^ tlu^ zim* <‘hlori<l(^ n^action. 

A(!Cording to Salkowski, this c<‘11u1oh(‘ is colonnl brown by iodin. 
Mcigen and Spreng^ claim<‘d that th(‘y did not H(‘cure the tnu^ 
(‘(dlulose from yc^ast membrane but a h(‘inic(‘IIuloH(i which wim (^jisily 
hydrolyised by tlu^ prolongcnl action of acids and alkalis. On the 
contrary, a(‘cording to Will and (’asagrandi, th(! nuanbraiu^ was not 
colored by iodin nor by tiu* ordinary stains for c(‘IIuloHe. Th(‘y 
found no cellulose. A<‘cording to Casagrandi," p(‘ctose mak(^H \jp 
the meml)rane. Mangiu^ b(»li(*v(‘d that it was (*ompos(Ml of callose. 
Tanret and Visselingh found chit in in the mc‘mbran(^ of Ikw yc^ast. 
Whatever is the cas(‘, the membram^ stains bha* witli Bhrli(‘lds na^thyl- 
cue blue and Hanstein's aniliiui. This m(unbran(‘ is (‘spcH^ially visible 
in the durable cells in whi(‘h it thick(ms (‘onsiderably. 

According to Will and ('asagramli, tlu^ nuunljranc' of the durable 
c(‘lls is made up of two laycu’s, (Fig. 10.) Wh(*n t.hcj yc^ast is tre^ateni 
with 4 or 5 per cent hydroc'hlorie acid, washed and dried, and staiiHal 
with fuchsin ac(!ording to the nud.hod of HinisburgtT, the outer layer 
takes a violet red color which is surrounded by a colorh'Hs layer. 

Yeasts secrete imdcT (‘ertain (‘onditions mucilaginous Bu!)stances 
which collect the cells into a sort of network quitch similar to zo- 
ogloea. Hansen first attracUnl attention to this plumonumon whicth 

^ Mcigen and Sprc*ng. U(‘b(‘r die Knhlhydrate dcr llcfe. Zeit8<*hr. Fhys. 
Chernie, 55, 190»H. 

2 C^isagrandi, O. Ha<‘(;haroinyccH ruh(*r. Ann. d’lgi 8|KTirn, 7 and H, IHOH. 

^ Mangin, 1^. OhwTvationH siir la constitution dc la membrane chess les 
Champignons. Comp. H(‘iuL Acad, des Heienees, 107, 1893. 
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appeared to play a r61e in the coagulation of folIow(*(i by a 

clarification of the liquid. This is comparable to ilic^ agglutnmbon 
which is found among the bacteria. Hansen has obtaimal tlu^ pro- 
duction of a mucilaginous network by placing brewtny 3vast m a 
covered bowl and letting it stand while it slowly dri(‘s. Wlum 
a portion of this yeast was examined in wntcr, the formation of an 
entangling network was observed. (Fig. 48.) Himilar formations are 
observed in yeasts placed on gypsum blo(*ks oi on gelatin. Hansen 
has observed the same phenomenon in (‘(41s from s(*ums yt'usts of 
certain species. This network is brought out (‘Spiaaall} \\h(‘n tb(‘ 
cells are stained with methyl violet or meth^dcau' bhua 

Certain pathogenic yeasts protect each c(‘ll by im^ans of a thi(‘k 
capsule which is mucilaginous in natmv.^ (Vriain yrnsis siTtn 
to unite with one another in a constant manma* by nutans of a 
gelatinous substance. Lindau has observed this in 3 '(‘asts wbii’Ii }h‘ 
has studied. 


Changes in the Cell during Fermentation 

The structure of yeasts is easy to int('n)ret at ihv b(‘ginning 
of development. During the active period of f(‘rmentufion they 1 h*- 
come more complex. What complicates the subj(H*t at this monuait 
is a very active secretive action. Like all scenting (*(4Is, tin*}' pn'scait 
a series of cytological phenomena in (a)nn(‘(*ti()n with th(‘ H(‘c‘n4ionH. 

Let us observe these modifications whi(4i niv jiroduci^d in th(‘ 
cells in the course of fermentation by taking S. emrisidt as an 
example. At the beginning the cells poss(\ss a (ytoplasm v(‘ry d(*ns(» 
and homogeneous, a nucleus situated at th(‘ sid(‘ of th(* c(*l! and a 
vacuole filled with metachromatic corpusek^s whicli occupiiss tin* 
center. (Fig. 47, 1 and 4, and Fig. 50, 1 and 4.) 

After 24 hours of fermentation the cdl muk'rgcx^H wry impor- 

^ Agglutination or flocculation of yeasts is a (iompit'x phf^nonaaion whidi is 
little known. It seems to be brought about by a (‘hango in tht* rouHtituliun of 
the membrane which becomes viscous. It appears in eoniK'ction with the kirina- 
tion of a gelatinous network described by Hansen. This is tlu* agglutiniition to 
which one attributes the clarification of wine aft(T ftTuu^niation. Ii«*ijrrinek 
(Die Erscheinung der Flokenbildung oder Agglutination 1x4 Alkoho!hefi*n. C'ent. 
Bakt. 20, 1908) distinguished autoagglutination, producxHl by th(‘ ytiist itself, 
and symbiotic agglutination, brought about by bacteria dewdoping at thc‘ Kitine 
temperature as the yeasts (especially by the Leucononloc aggluiinam). Agglutina- 
tion is brought about by the addition of sulfuric acid, boric acid or 1 |KT e(‘nt 
of other acids. Microscopically, the cells do 'not show any alteration during the 
agglutination. Agglutination seems to be related to the life of the cells, for (lea<l 
yeasts do not agglutinate. Van Laer has shown that borax cause* the agglutina- 
tion of the yeasts killed by heat. 
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tant modifications. The cytoplasm is hollowed out by a ci^rtaiu 
number of little vacuoles which are distinct from the vacniole con- 
taining the metachromatic corpuscles. The cytoplasm, then, takes 
an alveolar structures The nucleus always takers its places at tlui 
center; it seems to swell and take on an ameboid shape. Oiu^ ob- 
serves at this time in all of the c.ytoplasm, and (^specially al)out the 
nucleus and along the walls, a large number of basopliile granul(\s 
of irregular form, sonu^ angular and oth<n*s filanumtous. 

After 48 hours lernumtation, the gly(*og(‘ni(‘ va.(‘uol(‘s fuse into a 
large vacuole whi(4i t.ak(‘s up almost all of tlic^ <*(‘11 and absorbs the 
nucleus cytoplasm and the vacnioh^ with tlu^ m(‘ta(‘Jiromati(^ (cor- 
puscles. The c(41 is tlum transforuHHl into a sort of gly(‘og(‘ni(c sac. 
At this moment th(c giy(cog(m scnaiis t.o Ixc n^aimnl by t.lu^ (x^ll, for 
it is not consumed. Tluc inconuc is gn^abn* than the (‘xp(mditure. 
The l)asophile granul(‘s (bccn'ascc in miml)er and adiun-e to the wall 
of the (c(4L At this tinuc, tlunxc appe^ar in the gly(‘og(‘nic vaccuolc^ a 
considcTabkc numb(‘r of small granukes which diHer from tluc basoj)hile 
grains by thenr smalkcr dimensions and k^ssc^r pignumt.ation and whose 
functions are unknown. At this stage tluc nuckais undergoes a 
variation in pignumtation which is very clos'c; it. stains intensely 
and talms on a homog<m(cous asjxxct. At th(^ (*nd of tluc kn-mentation, 
the c(41s assunuc tluc striucture whi<ch th(‘y had at the lu^ginning. 

These anc the' modifi(*at.ions through whi(‘h yeasts pmn in the 
course of feermentation: changee in th(‘ stru(‘tur(‘ of t!ie <\vtoi)lasm, 
appcuiraiKce of grains of s{'cn‘tion, variation in pignuentat ion of the 
niKcleus are tluc w(‘ll-known f)h(‘nomena in H(‘cr(4ing (cells. For the 
most part the yeasts fit this schccmci with a feew diffinxmcc's in detail. 


Cytological Phenomena during Vegetative Multiplication 

A. Budding: We have alncady (kcscribccd budding and it will 
not be ncKcccssary to rcxcapitulate at this tinuc. 1x4. it suffi(‘(^ simply 
to indicate the (jytologiccal ph(momena which take'; pla(c(‘ during tliis 
change. By its app(niran(ce, tlie bud is made up of a very dense 
cytoplasm containing a few basophile grains which have (unigrated 
from the mother c(41. When it has accciuired a (‘.(crtain dimension, 
a little vacuole appears in the midst of th(‘ (cytoplasm which is filled 
with metachromatic corpus(cles. "llus vaccuok^ n'sults oftcui from the 
entrance of a little of the vacuole from the motluu* cell. 

During this plumomenon, the nucleus 0 (ccupi(cs its usual position 
even if it is at the opposite end from the bud, and undergoes no 
modification until this has acc|uired its definitive dimension. At 
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this moment only, the nucleus, without chan^i:ing its location, elongates 
and takes the shape of a dumb-bell. One ot the lieads oi this enters 
the bud. (Figs. 46 and 47.) A separation then takes place which 
frees the two heads from one another. One part remains in the 
mother cell while the other is in the bud. Both nuclei thus formed 
retain for some time the shape of a club before assuming their normal 
appearance. The nuclear division docs not offer the (‘haracteristics of 
karyokinesis contrary to the opinion of other authors (SwellengrebeE 
and Fuhrmann). It seems to consist simply of a direcd, division. 

B. Transverse Division: Division is not obs(n*v(ul as we havcj seen 
in the Schizosaccharomyces. It consists simply in tlic^ formation in 
the middle of the cell of a transverse partition which s('i)arates the 
two daughter cells. During this phenomenon, onc^ may obscnwe at 
both extremities of the cell, the formation of a little vacuiole, since 
the nucleus situated in the center elongates into a dumb-b(41, l)oth 
heads of which are placed at ends of the cell. The middk^ conruuding 
link is severed and the two heads form the nuclei of t-lu^ two daughter 
cells which are to be separated by a transvcnvsc^ wall. 

Cytological Phenomena of Sporulation 

We have seen in the preceding chaptcir that a certain number 
of the yeasts possess sexual processes which fumdion (uther at the 
moment of sporulation or germination of the ascosporcis. In the first 
case (Schizosaccharomyces^ Zygosaccharo'myces, Debaroniijces) the asc 
results from the isogamic copulation of two cells. In the secjond 
(Saccharomy codes j Willia saturnus) copulation is efhxd-cul betwc^en 
two ascospores at the time of their germination. We have l)een 
able, in order to present clearly, to d(\scrit)e by anticupation the 
phenomena (nuclear and cytoplasmic fusion) which take place during 
this copulation. We shall not repeat here. 

With the exception of these species, nonci of the yeasts present 
any trace of sexuality; with them the asc forms at thci expense of each 
cell without preliminary copulation. 

It has been stated that the sporangium of yeasts is similar to 
the asc of the AscomyceteSj especially that of Exoascees. However, 
a difference exists between the asc of yeasts and the organ of the 
same name in the Ascomycetes. In all of the Ascornycetes which 
do not copulate at the moment when the asc forms, especially the 
Exoascees j this organ includes by its origin two nuclei, and it is only 
after the fusion of these two nuclei that it assumes its definite volume 

^ Swellengrebel, H. La Division nucl(5aire dans les levures press6es. Ann. 
Institut Pasteur, 19, 1905. 
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and forms aseosporos. From rocent studios ^ it has been shown that 
in the formation of the asc, especially in th(^ which const itute 

a family of the Ascornyccfci^ very close to the yeasts, this fusion is 
wanting. 

In many yeasts which do not n^present sexuality, and among 
others in Sacch(tr())nyc(\s cerevi.^iae, Janssems and Jx^ldanc^ consid(u*(Kl 
that they ol)serv(Ki a nuclear fusion in the (adls whi(‘h were about to 
form uses and considered t-his as a sexual act. A(a‘ording to these 
authors tlu^ nucleus of th(‘se c(‘lls und(n-go(‘s a division since both 
nuckn, whi(‘h n^sult after luring s(‘parated for sonu' time', bkmd together 
into a single mu'leus which by succ(‘ssive divisions furnishoB the nuclei 
for the ascospores. Hut ({uilli(n*mond has shown that this obscT- 
vation is ina(H‘urat(‘ and that oiu' is not abk^ to v(‘rify any nuckmr fusion 
in th(^ yeast c(‘lls which are d(‘stin(‘d to sporulat(‘ without pn^liminary 
copulation. Thus karyogamy pn^cc^ding sporulation is lacking in the 
yeasts, a fact which secmis (kTmitely (^stal)lish(‘d today. 

W(‘ shall stop now to obs{M*v(^ tlu^ proc(‘ss(\s winch tak(^ place in 
the c(^II wlum it t.ransforms into ascs — tlu^ division of the nucknis 
and th(‘ formation of as(‘.ospor(^s. 

L(d us tak(‘ Ijiulwlgu m the exampk‘. In this yc^ast, sexuality 
before the formation of the asc Inis not Ixsm obs(‘rv<‘d. As w(‘ lniv(^ 
said, the cells pass direetjy into ascs without i>n‘liminary copulation 
and this pluuiomenon is r(‘plac(xl l)y a fusion (partlumogamy) of the 
ascosi)or(^s at the monuuit of germination. 

Th(^ (X‘lls which an^ i)reparing to sporulatc^ assunH^ a very compl(^x 
structun^ They poss(^ss an alveolar (ytoplasm in whi(th tlu^ network 
which surrounds tlu^ alv(H)li shows inclusions of fat and numerous 
basophile granuk‘s. Two sorts of alv<x)li may l)e distinguished: 
some are filled with a <!<)nsi<l('rabl(^ (puintity of mcdachromatic cor- 
puscles; others with gly(H)g(m. The mutknis is phuxul at tlui side of 
the cell. It surrounds itself with a thin layin* of v(ny d(‘ns(^ zone of 
protoplasm (plasma sporog(mi(‘) at tlui (^xpcmsc^ of winch the asco- 
spores are built up. In this si)orogenic plasma, thc^ greater |>ortion 
of the basophile grains accumulate. (Figs. 47, a, and 51.) All the 
rest of th(i (ytoi)Iasm, wliicdi possess(^H an alveolar structure, will not 
be used in tlui formation of as(*ospor(‘s, but will form tlie epiplasm, 
the |)lasma which will be al)Sorbed l)y the ascospores during tlieir 

^ Dangcuird, who ohs(‘rv(‘(l this nudear fusicai first, n^gardcxl it as a true 
fecundation. 'Flu* (‘xplanation of this phenomenon is not eornpleUdy elucidated and 
remains ol)8cun\ 

® Janssems, and IxdManc, A. Ilecherches eytologifpu^s sur la (H‘lluk‘ do 
levure. La cellule, 14, 1898. A propos du noyau do la levure. La cellule, 20, 1903. 

^ Guilliermond, A. noyau de la levure. Annales inycologici, 2, IfKM. 
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maturation and serve them as food. At this stage, which corresponds 
to the beginning of nuclear division, some important modifications 
appear in the alveoli which contain metachromatic corpuscles. These 
bodies, increased in number and diminished in volume, undergo a sort 
of pulverization which reduces them to infinitely small particles 
which, in their turn, dissolve, the alveoli taking the same color 
that pertained to the corpuscles. This phenomenon of dissolution 
of the metachromatic granules is followed by the formation of the 
ascospores. 

During this time the nucleus undergoes its first division; but, 
the very chromophile C3rtoplasm, filled with basophile grains which 

surround it, does not allow the divi- 
sion to be followed nor any knowl- 
edge with regard to how it operates. 
One is able to see only two small 
nuclei closely related to each other 
and situated in a zone of sporogenic 
plasma, which advance by steps to 
a single large nucleus. However, 
certain aspects of the phenomenon 
seem to indicate that the nucleus 
divides by karyokinesis. This has been put in evidence for Schizo- 
saccharomyces octosyorus. 

The two daughter nuclei soon emigrate to both poles of the cell. 
They are followed by the sporogenic plasma which divides between 
the two poles in order to surround the nuclei. At this moment, 
one may observe the steps in which there are two nuclei at each 
end of the cell surrounded by a zone of sporoplasm and separated by 
a portion of the same material. Some authors (Janssens and Le- 
blanc) have attributed this to sort of karyokinetic structures, re- 
garding the two nuclei surrounded by sporoplasm as the anaphase 
plates and the thread plasma which unites them as an achromatic 
spindle. 

Soon the thread which unites the two masses of protoplasm dis- 
appears and each nucleus undergoes a division. We have seen, 
then, the stages in which two small nuclei are placed one at each 
pole of the cell with a mass of sporoplasm about each. (Figs. 47, 
7, and 51.) The sporoplasm concentrates about each and forms 4 
little balls provided with a nucleus and placed in pairs at each pole. 
These are the ascospores. These increase in size and form a mem- 
brane about them. At this moment the epiplasm becomes disor- 
ganized and is reduced to an alveolar fluid containing fats, glycogen 
and metachromatic corpuscles. The metachromatic granules slowly 



Fig. 51 . — Formation of Ascospores in 
S. Ludwigii. 
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disint>cp;rate and an^ finally iiigestod by tlu^ ascos{)or(‘s. Littk' by 
little they disaj)iM‘ar entin^ly, being alxsorbed by thc‘ as(H)spor(\s during 
their developnuuit. (Fig. 47, 10.) Tlu' glycogen and the fats undergo 
the same fate and are absorlxHl l)y the aseospor(\s. A part of thes(i 
dilTerent products is (‘onsuined by th(‘ jus(‘osf)()r(‘s, the other is kept 
in reserve in the ascosp()r(\s to s(u*v(‘ during g{‘nnination. The asco- 
spores increase little by little in sizc^ and (‘V(‘utually o(‘cupy the entire 
volunu^ of th(‘ as(‘, aftxu' liaving al)Borbed tlu^ entire epiplasin with 
its inetachroniatic (‘orpus(*I(\s, fats, an<l glycogcun 

The ius(‘ospores r{^a(4i th<^ adult stat(‘ pn^scuding a thick nieinbrane 
and a (‘(Uitral nu(4(uis from which the cytoplasmic rays coiitnining 
fats start, and whicdi d(‘limit snuill vacuok^s. Th(‘se iiu^huk^ a little 
gly(‘og(‘n and a f<‘w (‘orpuscles, prodiuds wdhch will be consumed at 
the monuuit of gcu’mination. 

In all of th(‘ y(‘aHt.s, the cytological are th(^ samc^, 

differing only in (kdails. In HctccharomycvH cerevimae^ eUiihsoidniH^ and 
Pastoridnm^ insbnid of forming at two |X)1(‘S, th(» mconpoiTH originate 
generally in th(^ middles of the c(41 in a xone of sporoplasm. Tluy 
inuku’go mu* or two divisions d(»|Kmding on the number of ascospon^s, 
and th(‘ nuclc^i which n^sult remain v(u*y close to (^a(?h other in tlu^ 
same xoiu* of sporoplasm whi<di soon eonc(‘nt.rat(*s about each of tlu^m 
to mak(^ up th(‘ as(‘os|)or(*s. 

In ttu^ SchizoHttccharonujceH and estKanally in Sch, odonpormi the 
asc contains many 1(‘hs metat^hromatie corptisc^es and basoplnle 
grains than in oRht ycuists; also the cytological i>h(uiomenon of the 
formation of th(^ iisc^ospon^s is much eiisier to obsc'rve. After the 
nu<4ear fusion, tlu* nucknis grows and B(K)n tindergcx^s a first division. 
Guilliermond ^ has shown that this is a karyokinesis similar to that 
de8(uuhed among tRe Am>nujcdes. It is almost, always ac(»c)mi)lislied 
in thc^ direction of tlie long axis and is manifest ( h 1 by the presence 
of an achromatic spindle made tij) of small gramilar particles moni 
or less distinct whic.h repraent the chromosomes of th<^ ecpuitorial 
plate. The diromosomes then distributt^ th(unHelv(\s along the spindle. 
At this moment, tfie nuckxir membrane stxnns to b(‘ absorbed while 
the spindle elongates in siudi a maniXT as to form granular tnasses 
at each end of the cell. Hie nucleolus persists at the side of the 
spindle, but finally disappears. Two nuclei are thus formed which 
go to different [larts of the cell. The two daughter nuclei which 
result emigrate to both extremities of the cell to undergo another 
division and sometimes a third, from which result 4 or 8 ascosporcs. 
The nuclei thus formed arc disseminatal in the cytophism, which has 

^ Guilliennond, A. Sur la division nucldaire des Icvures. Annales dc Flnsti- 
tut Pasteur, 31 (1917). 
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an alveolar structure. Each of these surrounds itself with a small 
zone of dense protoplasm, and then transforms itself into ascospores. 

These grow at the expense of the cyto- 
plasm until they occupy the whole asc.^ 
The cytological phenomenon of the 
formation of ascospores presents many 
characteristics in common with that 
observed in the ascs of other AscomyceteSj especially the endomycetes. 

The germihation of ascospores when they are not accompanied 
by a copulation, does not offer any special characteristic. The asco- 
spores in time swell up and are transformed into vegetative cells which 
bud after the normal procedure. (Fig. 52.) 

^ Beauverie has proposed a method for staining ascospores. The yeast should 
be fixed in alcohol or formol and stained with carbol fuchsin heating to the point 
where vapor is given off. It should then be decolorized by 1-3 acetic acid, 
washed in water and stained by thionine. The spores will be stained red and 
the rest of the cell blue. This ability to resist acids is especially marked in 
Schizosaccharomyces octosporus, Beauverie, J., Quelques propri(§t^s des asco- 
spores de levures. Technique pour leur differentiation. Comp. Rend. Soc. Biol. 
80 (1917), 5, 
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PHYSIOLOGY OF YEASTS. NUTRITION, RESPIRATION, 
AND ALCOHOLIC FERMENTATION 

Y easts an‘ ahh* td two v(‘ry <lin*(‘n‘iit kinds of life. 

Sometimes they live iri eontaet with air and nnspin^ — imdcT 
aerobic tHauiitions; at otlua* tinu‘.s, in the absen(‘(» of air. In 
his latter casi*, thc*y takc^ tla^ (aus-gy which is luaasssary from anotlua- 
)roc(w. Tluw transform th(‘ greater portion of sugar at tluar dis- 
)OHaI into alcc^liol and <’arbonic acid. Th(\v thus inducH^ an alcohc^lic 
ermentation, whic*h is tlaai anaerobic. Oiu^ must distinguish b(^- 
ween the y(‘asi plant which ac‘ts lik(^ otluu* ordinary plants and the 
'east fermcaii whi<*h is tli(‘ agcait of alcoholic fcamHudatiom 

W(‘ sludl take* tip in tliis chaptiT the gcsKS’al nutritivi^ processes 
)f the ycnist, that is, its nutrilion, respiration, and al(‘oholic leruKUita- 
ion, rcHt^rving for a following chaptia* th(‘ study of tla* Halation of 
a^asts to tlu»ir <*xternal (aivironment , of tlu^ (‘onditions which d(‘t(Tmin(^ 
heir multiplication, spttrulation, and parasitism. 

We sliall lH‘gin by inv{*stigating tlu^ <‘Iu‘mi{‘al makt'-ui) of tlu^ 
'easts and Ity studying tla* various (mzyim^s which })r(‘I)ar(^ ftxMls for 
ibsorptiom 

GENERAL PHENOMENA OF NUTRITION OF 
THE YEASTS 

Chemical Composition of the Yeasts 

The diffenuit analyst's of ytaisis und(*rtaken by various authore 
lave given variabh' proportions of (*, H, N, O, and S. (Dumas, 
SeliloHsbergi^r, Miist'hcaiit'h.) Analysis of t.h(' ash of ytuusts has giv(‘n 
qually inconstant nssults. Phosphoric arid, sili(‘ic a(*id, carbonic 
eid, sulfuric acid, hydnxdiloric acid, potassium, sciclium, sulfur, 
aagnc«ium, <'al(‘ium and fc'rrie oxidt^ and manganic oxide have all 
►een found to c'xist in difTcuxnit |)roportions. 

Thus, aB we hav(' sixm in tlie prcaxHling (diaptcT, the yeast cell is 
ompoHcd mcuiitially of a mcanlirane which seems to b(^ made up of 

^ In the preparatioa of this chapter, the obliging eollalKaation of M, A, 
^)leainl, Chic*f of the* I)c‘partin(‘nt (»f Pliysiology of the (k>llege of Medi- 

ine of thc^ IJniveraity of Lyon, is aeknowk'dged. 

f>a 
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cellulose or a closely related substance, of an albuminous protoplasm 
and a nucleus rich in nuclein. The yeasts contain hydrocarbons, 
albuminoids, and fatty bodies. 

Let us consider successively these groups of substances. 

Hydrocarbon Materials: The analysis of Schutzemberger has 
shown the presence of a substance like cellulose in the membrane, 
which seems to be formed from sugar, and of a gummy substance 
which seems to be transformed from this cellulose under the in- 
fluence of the chemical agents used in its preparation. Finally 
Errera and Clautriau ^ have disclosed the presence of glycogen which, 
according to Laurent, is able to reach a concentration of 32 to 38 
per cent. 

Fatty Bodies: Fats to the extent of 5 per cent of the dry material 
have been reported. However, in old cells, the fat may increase 
to even 20 per cent. This is not surprising, for we have stated that 
it may exist in two forms: one as reserve products formed, without 
doubt, from the sugars (Pasteur); the other seems to come from a 
protoplasmic degeneration. The first is generally rare during fermen- 
tation and appears especially during sporulation. The other is observed 
in old cells in the state of degeneration. 

The fatty materials of yeasts are generally acid in reaction and 
composed of ordinary fats, cholesterol, lecithin and phytosterol. 
The weight of cholesterol may reach 0.06 per cent of the dry yeast, 
according to Lowe, but increases in old cells. Hinsberg and Ross 
have pointed out the presence of an ethereal oil, not saponifiable, 
with a hyacinth odor to which he attributes the special odor of yeasts. 

Welter 2 in discussing a yeast which contains 50 per cent of 
protein states that it contains 4 per cent of fat and this may be 
increased up to 17 per cent. It is thought that the fat is produced 
by a transfoiTuation of sugar. Bokorny ^ states that to secure 
abnormal fat formation in yeasts, they must be fed quantities of 
carbohydrates and proteins. From the data which he secured he 
regards the cell protein as the source of the fat. Neuss ^ reports 
a yeast which contained 18 per cent of fat on the dry basis. Under 
special conditions of cultivation this could be increased to 50 per 
cent. The fat was similar to olive oil. 

^ Clautriau,. G. fitudes chim. du glycogdne chez les champ, et les levures. 
Ac. roy. de Belgique, 3, 1895. 

2 Welter, A. Yeast fat, a new source of fat. Seifenfabriken, 35, 845-6, 1915. 
Chem. Abstracts, 10, 124, 1916. 

3 Bokorny, T. Yeast fat. Allgem. Brau-Hopfen Ztg. 55, 1803-5, 1915. 
Chem. Abstracts, 10, 798, 1916. Assimilation of fat in plant cells, especially in 
yeasts. Arch.. Physiol. 1915, 305-49. Chem. Abstracts, 11, 2218, 1917. 

* Neuss, 0. Yeast fat. Seifenfabr. 36, 38, 1916. Chem. Absts. 10, 977, 1916. 
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Amato ^ demonstrated the presence of lipoids in Saccharomyces 
cerevisiae by chemical and microchemical methods. He treated yeasts 
in fixed preparations with osmic acid, finding that most of the granules 
became brown in color. By their reaction to fat solvents, the majority 
of these granules were regarded as belonging to Bernard and Bigart’s 
labile fats. Amato thinks that most of the lipoids in yeast are 
lecithins. Extraction of both the washed and dried yeast with 
ether gave a residue which, after combustion, and extraction with 
sodium carbonate, yielded the characteristic phosphoric acid pre- 
cipitate with ammonium molybdate. Bokorny^ has reviewed this 
subject from the point of using this yeast fat commercially. The 
need for these fats was especially emphasized in Germany during 
the war on account of the successful blockade of German ports by 
the Allies. Bokorny stated that much study was required before the 
yeast fat could be put on a commercial basis. Neville ® studied yeast 
fats and found that the principal fatty acids had the empirical formula 
C15H30O2, but that arachidic acid, C20H40O2, melting at 77 ° C., was 
not very abundant. Unsaturated acids could not be separated in the 
pure state. Oxidation with KMn04 yielded the corresponding di- 
and tetrahydroxy acids which indicated the presence of C16H30O27, 
C18H34O2 and C18H32O2 in the fat. Cholesterol melting at 145 - 147 ° C. 
was obtained. Bokorny^ has made further observations on yeast 
fat and found a greater accumulation when the source of nitrogen 
was peptone than when amino acids (glutamic and aspartic) were 
used. Dilute urine to which sugar had been added represented the 
cheapest source of nitrogen. 

Albuminoids : A material approaching egg-albumin in characteris- 
tics has been found in yeasts. According to Trommsdorf and Meisen- 
heimer® the cake obtained by the compression of the yeasts, in the 
preparation of yeast juice, which contains zymase, is colored black 
by Grams solution and safranin while the juice takes a red tint with 
the same reagents. There must be present, then, in yeast a soluble 
albumin which may be colored red and an insoluble albumin which 
takes a black color according to this procedure. 

There has been proven in yeasts, an albuminoid substance soluble 
in warm alcohol, which must be a peptone produced by the action of 

^ Amato, A. The lipoids of blastomycetes. Cent. Bakt. Abt. Ill, 42, (1915) 
689-98. 

2 Bokorny, Th. Yeast fat. Allgem. Brau-Hopfen Ztg. 55, (1915) 1803-5. 

® Neville, H. A. D. The fat of yeast. Biochem. Jour. 7, 341-348. 

^ Bokorny, Th. Accumulation of fat in plant cells, especially in yeasts. Arch, 
physiol. 305-349, 1915; Chemical Abstracts, II, (1917) 260. 

® Meisenheimer, J, Neue Versuche mit Hefepressafs. Zeit. physiol. Chemie, 
37, 1904. 
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endotryptase, a proteolytic enzyme which we shall discuvss liirlher 
on in this book. Also derivatives of the albuminoids have becm 
demonstrated such as the amino acids (leucine and tyrosine); th(‘se 
are also products of digestion by the endotryptase. 

Schutzemberger - has demonstrated the purine derivatives (xanthine, 
hypoxanthine, guanine). KosseP and Buchner^ have found nucleic 
acids in rather large quantities. 

As the nucleus of yeasts is usually small and poor in chromatin, 
Meyer has been led to think that this nucleic acid is not derived (‘utin'Iy 
from the nucleus but also from the protoplasm. According to this au- 
thor, the metachromatic corpuscles which are so abundant in yeasts 
result, as we have said, from a combination of nucleic acids wit.li an un- 
known organic base. Kohl agrees with this and also states that th<‘so 
bodies represent nucleo-proteins. 

Belohoubek has analyzed yeasts chemically witli thc^ following re- 
sults: 


Composition 

Fresh Yeast 

I)n/ Yeast 

Water 

68.02 


Nitrogenous matter 

13.10 

40. 9H 

Fatty matter 

0.90 

2.80 

Cellulose 

1.75 

5.47 

Starchy material 

14.10 

44.10 

Organic matter 

0.34 

1.06 

Mineral matter 

1.77 

5.54 

Miscellaneous 

0.02 

0.05 


Jones ^ has given some attention to the nucleic acids in yeasts. He 
prepared ^the potassium salt of guanylic acid from yc^ast. In anotluT 
investigation, two dinucleotides were obtained, one yielding guanim^ 
and cytosine and the other adenine and uracil. He also d(^s(‘rilKHl a 
compound of guanosine and guanylic acid. In studying the struc- 
ture of yeast nucleic acid, Jones and Read® hydrolyzcnl yeast nuckac 
acid to yield a dinucleotide which was shown to be adenine-uraciL Thc^ 

^ Schutzemberger. Les Fermentations. Paris, 1892. 

2 Kossel. Ueber das Nuclein der Hefe, Zeit. physiol. Clhemie, 3. 

^ Buchner, Ed. Alkoholische Garung ohne Hcfezellen. Beriditc der dtuitsch. 
Gesellsch. 30, 1897. 

^ Jones, W. Formation of guanylic acid from yeast nucleic acid. J. Biol. 
Chem. 12, 31-5. The partial enzymic hydrolysis of yeast nucl(^i(i acid. J. Biol 
Chem. 17, 71-80. Simpler nucleotides from yeast nucleic acid, J. Biol. Chem. 20, 
25-35 (1915). 

® Jones, W., and Read, B. E. Adenin-uracil dinucleotide and the structure 
of yeast nucleic acid. J. Biol. Chem. 29, 111-22. The mode of nucleotides linkage 
in yeast nucleic acid. J. Biol. Chem, 29, 123-6, Uracil-cytosine dinucleotide. 
J. Biol Chem. 31, 39-45. 
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formation of such a salt cannot be explained if the two mononucleotides 
are joined through the PO4. Therefore, the nucleotides in this dinu- 
cleotide, and those in nucleic acid, must be joined through the carbohy- 
drate. This was also verified when using the method described by Jones 
and Gehrmann; Levene ^ takes exception to these conclusions. He calls 
attention to the fact that nucleotides, forming tetrabrucine salts, might 
be linked through the carbohydrate group of one and through the base 
of the other. He emphasizes that further work is necessary before 
deciding between the two possibilities, and that work should also be 
carried out on other nucleic acids such as thymus nucleic acid. Levene^ 
in continuing this work secured evidence that there is no experimental 
proof that the nucleotides in yeast nucleic acid were bound together 
through the carbohydrate group. He does not believe that a tetra- 
riboseis the nucleus of yeast nucleic acid. He considers that the 
work in his laboratory, and in Jones’, indicates the tetranucleotide 
structure of nucleic acid. The following three nucleotides were iso- 
lated in pure form: guanylic acid, uredinephosphoric acid and ade- 
nophosphoric acid. 

Levene ^ in later investigations has written the structure of yeast 
nucleic acid as follows: 

HO\ 

0 -P — C6H8O4.C5H4N5O 
HO/ 

HO\ 

O = P — C5H8O4.C4H4N3O 
HO/ 

HO\ 

O-P — C5H8O4.C4H3N3O2 
HO/ 

HO\ 

0 = P — C5H8O4.C5H4N5 
HO/ 


^ Levene, P. A. The structure of yeast nucleic acid. J. Biol. Chem. 31, 
591-8, 1917. 

2 Levene, P. The structure of yeast nucleic acid. II. Uridinephosphoric 
acid. J. Biol. Chem. 33, 229-234. 

* Levene, P. A. The structure of yeast nucleic acid. Jour. Biol. Chem. 31 
(1917), 591-598; The structure of yeast nucleic acid. II, Uridinephosphoric acid. 
Jour. Biol. Chem. 33 (1918), 229-234; III, Ammonia hydrolysis. J. Biol. Chem. 33 
(1918), 425-428. 
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General Considerations of Enzymes in Yeasts 

The study of enzymes has been much advanced by Buchner who 
developed a procedure which allowed the extraction of the juice. Before 
this method was known, it was difficult to extract these enzymes which, 
as is generally known, are not always susceptible to passage through a 
membrane. They may remain on the interior of the cell and act there. 
Buchner^s method, which consists in searching the yeast juice for the en- 
zjones, is the only one which offers any guarantee of success. 


Preparation of Yeast Juice 

It is, then, by the preparation of yeast juice that we must take up 
the study of the enzymes. In 1897, Buchner was able to isolate the 
enzyme which produced the alcoholic fementation by decomposing sugar 
into carbonic acid and alcohol. This he called zymase or alcoholase. 
did this according to the following procedure. He ground up 1000 grams 
of yeast after careful washing and drying. This was a difficult proce- 
dure on account of the elasticity of the yeast cells, but in order to ac- 
complish this, it was necessary to mix the cells with fine sand and rotten 
stone. With the aid of a heavy iron pestle, he triturated th(^ yeast, 
previously dehydrated, with 1000 grams of quartz sand and 250 grams 
of rotten stone in the form of a thick paste. This was expressed in a 
hydraulic press under a pressure of 300 to 500 atmospheres. From 400 
to 500 c.c of the yeast juice were thus obtained. 

The extract thus obtained is a brownish liquid with somewhat the 
odor of fresh yeast little or not at all dialyzable. Heating to 40-50® 
causes a precipitation of albumin and the liquid loses its fermenting 
power. It contains, along with a certain quantity of albumin (4.15 per 
cent), the products of tryptic digestion (albumoses, peptones, tyrosine), 
lecithin, a phosphorus compound (nucleic acid), 2 per cent of ash and 
the products of feriiientation (0.53 per cent of alcohol, 0.07 per cent 
carbon dioxide, 0.096 per cent of glycerol, and 0.016 per cent of suc- 
cinic acid). 

Along with the albuminoids precipitable by alcohol and coagulable 
by heat, are various enzymes which we shall take up further on (endo- 
tryptase, maltase, invertase, glycogenase, lipase, etc.), and especially 
zymase^ but this has not been isolated in the pure state. When placed 
with fermentable sugars (saccharose, maltose, glucose, levulose) these 
sugars, after a few minutes, are changed to alcohol. Further on, wo 
shall discuss the properties of this enzyme. 



ENZYMES OF PROTEIN SUBSTAN( U« 


59 


ENZYMES OF PROTEIN SUBSTANCES 
Proteases 

Geret and Hahn have shown tliat ycixst juice dissolves the floccu- 
lent coaguluin of albuminous materials like fibrin or coagulated albumin. 
The juice contains a proteolytic enisyme or end()tryi)tas(% which is ca- 
pable of being isolated in comparatively |)ure states This (mzyme plays 
a very important r61e iii tlui life of the cell. Th(^ inv(‘stigati()ns of Oro- 
mow and Gregoriew^ have shown that this (uidotryptase exercusc^s a 
powerful action on the juice itself and tliat it alt(H*s and digests it rapidly 
at 30-35*^. This action explains the rapidity with whi(‘h zymase is 
destroyed. This enzyme is more active in an a(‘id tlian in an alkaline^ 
medium, behig favored by 0,2 per c(mt of hydrochloric^ acid. It seems 
to approach trypsin moi'e closely in (iharact(u-isti(*s than pej)Hin, for 
Geret and Hahn have obtainecl a fairly (U)mpkd(^ degradation of albu- 
minoid substance as with tiypsin. The presence of knicine and tyrosine 
has been shown. 

Endotryptase liquefies gelatin according to Hahn ^ and Hjort. This 
is an intracellular enzyme and not abk^ to i)ass through the c(il m(un- 
brane. This fact makes it difficult to muk'rstand how the yeast is able 
to liquefy gelatin. It is common knowledge that th<^ yeasts li(puify and 
peptonize, as has been shown l)y the works of Lin<ku*, Ik)ullinger, Bei- 
jerinck and Astari. Also one is obliged to admit with Will that etido- 
tryptase, normally intracndlular, is able under (‘crtain c^onditiorm to 
diffuse through a membrane. This diffusion o(;(nim at various pluiscis 
of its (lev(dopment, and esp(Hually in cells which are not in normal con- 
dition (dead or diseased cells). 

We have states! that, acxjording to BoulIingcT, certain yeasts se- 
crete a caserne. The formation of a (nird in ixiilk after a fc‘w months 
was determined. This coagulum dissolves little by littk^ and the licpiid 
becomes yellowish. The transformation of the cascun yiedds tyrosine, 
leucine and other arnmoniacal bodies. BoclucKduo has verifi(‘d the 
secretion of rennin by Lactomyces injlam aweigrana. llapp has ob- 
served the presence of casease in cKirtain yeasts. Dombrowski has 
shown that many of the yeasts peptonize milk strongly, c^six^cially 
S. lactis V. 

According to Boullinger, there is a relation between the yeasts 

^ Gromow, T., and Gregoriew, O, Die Arbeit der Zymme und der Endo- 
tryptase in den abgetdteten Hefezcilen unter verschiedenen Verlialtnissen. Zeit. 
f. physiol Chemie, 2, 1904. 

^ Hahn, M., and Z. Ueber das Hefe Endotryptase^, Zeii. IhoL 22, 

1900. 
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which hquefy gelatin and those which attack casein d Those which, de- 
stroy the most casein hquefy gelatin most rapidly . Also it seems very 
probable that the hquefaction of gelatin and the peptonization of casein 
are due to the action of endotryptase. 

According to Bokorny and Vines, yeasts contain another protease 
which acts hke pepsin; but the existence of this enzyme is rather 
obscm’e. 

Buchner and his collaborators have isolated from yeast juice an 
enzyme which protects albuminous matter from the action of endo- 
tryptase which they have named antiprotease. This enzyme seems to 
play an important role in the life of the yeast; it governs the digestive 
functions and balances the action of the proteases. 

Rennin: The investigations of Boullinger^ have indicated the pres- 
ence of rennin in yeasts. This author has verified the existence of ren- 
nin in certain yeasts by inoculating skimmed milk and after a few 
months a coagulum formed which gave evidence of the presence of 
rennin. The curd eventually dissociated under the influence of casease. 

Bochicchio has stated that the Lactomyces inflans caseigrana pre- 
cipitated milk. The same observation has been reported by Dom- 
browski for other milk yeasts. Other yeasts in milk do not cause this 
change (yeasts of Adametz, Duclaux and Kayser) . On the other hand, 
many other species of yeasts (S. glutinia of Sartory) coagulate casein 
without digesting it, thus secreting rennin but not casease. (Valagussa 
and Mafera.) 


Nucleases or Enzymes of Nucleo-proteins 

It seems also that yeasts contain enzymes capable of decomposing 
nucleo-proteins and nucleic bases. Schutzemberger has shown that 
xanthine, hypoxanthine and guanine are found among the autolytic 
products of yeasts. Recently Shiga,^ in making yeast juice act on. a 
solution of guanine, has detected a decrease in the quantity of this base 
and an increase in the xanthine which would tend to prove the presence 
of a guanase. According to the same author, yeast juice may also con- 
tain arginase. When submitting a solution of arginine to the action of 
yeast juice in the presence of toluene, Shiga has observed a disap- 

^ Diehl (Jour. Inf. Dis. 24 (1919), 347--361) has reported a type of specificity 
among the bacterial proteases. This author was able to detect a specificity for 
proteins with certain amino acids, after the bacterium had been grown on media 
containing these amino acids as the only source of organic nitrogen. 

2 Boullinger, E. Action de la levure de bi^re sur le lait. Ann. Inst. Pasteur, 
2, 1897. 

® Shiga, K. Ueber einige emsige Hafefermente, Zeit. physiol. Chemie, 42, 
1904, 
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pearance of arginine and at the same time the formation of ornithine 
or urea. But guanine is not decomposed by the arginasc^ of the yeasts. 

Straiighn and Jones ^ have found guanasci by (*(mtrifuging aqueous 
extracts of yeasts made according to the following: 300 grams of 
yeast were macerated for 15 hours in a liter of water to which 6 c.c of 
chloroform had been added. The liquid thus ol)tained could transform 
guanine into xanthine and tlierefore contain guanase; it could not 
change adenine into hypoxanthine nor hypoxaritliine into xanthine. 
Consequently it did not contain adenase nor xanthooxidase 

According to H. Pringsheim - tluire exists in yc^asts a Bi)ec‘ial de- 
amidase, which permits them to take nitrog(ui from amino acids 
without the production of ammonia indicniting a preliminary (kniom- 
position. Finally, Effront has recently disc^ovenMl in toj) bcM^r yeasts 
an amidase which acjts also on amino acids but produces ammoiiia 
and volatile acids. 

Lipase 

The existence of a lipase in tln^ c(^ll sap whicth transforms fats 
into fatty acids and glycerol, luis becm shown. This lipast^ to 

exert an injurious action on th(^ zymase. This secerns to lie (;omi)osed 
of a proteolytic enzyme, prop(u*ly speaking, and of a e.ofennent. 
Lipase decomposes the (jofernumi.. 

Lipase seems to Ix^ intra(xJlular and acts on tlu^ fats whic^li it en- 
counters within the protoplasm of tlu^ y(‘ast, (‘spcxually during sporula- 
tion, which are the reserve products for tlu^ (xJl during maturation 
of the ascospores. 

In certains yeasts, howeveu-, lipase is al)le to <liffus(i through 
membranes, for van Ti(^gh(nu has dis(!ov(U'(xl, some timci ago, aS. old 
which lives in oil and decomposes it. More recxuntly Piedallu*^ has 
found a yeast which liv(‘s in oil and offers the sarnc^ properties. Rogers 
and Jensen^ have mentioned very many Torula which decompose 
butter. 

Carbohydrate Enzymes 

The investigations of Fischer and Thierfelder ^ have shown tliat 
only the sugars with carbon atoniKS in multipk^s of three are ferment- 

^ Straughn, N., and Jones, W. The nuclein fennenta of yciists. Jour. Biol. 
Chem. 6, 1909. 

2 Pringsheim, II. U(d)er Pilzdesamidase. Biochem. Zc^itschr. 12, 1908. 

® Piedallu, A. Sur une levure qui agit sur les cor|)8 gras. Comp. Rend. 
Soc. de Biol. 65, 1908. 

^ Jensen, O. Bakteriologische Studien ttber diinische Butter. Cent. Bakt. 29, 
1911. 

® Fischer, E., and Thierfelder, 11. Verhalten der verschiedenen Zueker gegen 
reine Hefen. Berichtc d. deutsch. Gesellschaft, 27, 1894. 
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able. These are the glyceroses (CsHeOs), tetroses (0.111804)^ hex- 
oses (CeHiaOe), nonoses (CgHisOg), the sugars of C 12 and G 18 which arc 
bisaccharides and trisaccharides and finally the polysaccharides 
(starch, inuhn, glycogen, etc.). It is known that the bisaccharides and 
trisaccharides must be changed to hexoses in order to be f(TmentabI(\ 
Fermentation, then, consists in a molecular splitting, in the course 
of which large molecules of sugar are changed into molecules which 
are much simpler, the bi- or trisaccharides into hexoses, ak^ohol and 
carbonic acid. 

Polysaccharides: Glycogenase, Amylasej Inulase: According to 
the results of Wroblewsky, Cremer, Kohl and Hosaceus, and Gen^t 
and Hahn yeast juice contains a hydrolytic enzyme for glycogen, 
glycogenase. Yeasts do not act upon glycogen wlien it is giv(^n them 
as food because the glycogenase is an intracellular enzynu^ and 
glycogen is not able to pass through the cell meml)ran(i. This gly(U)- 
genase is able to act only upon the glycogen which is mad(i by the 
yeast itself on the interior of the cell. 

Starch, in order to be fermented, must be transfoniied into dc^x- 
trine and maltose; then the dextrine itself is changed into maltose. 
This is transformed by maltose into glucose ^ which is then f(n’m(‘.nt(Hl. 
The exact mechanism of saccharification is not known. How(‘ver, 
according to the investigations of Maquenne and Roux star(;I)i is com- 
posed of from 90 to 92 per cent of amylose and from 8 to 10 pur vxmt 
of amylopectin. The change of starch into maltose seems to demand 
the action of three enzymes, amylase, amylopectinase and d(ixtrinaH(^. 
The amylase changes amylose into maltose, the amylopedimu%* 
changes amylopectines into dextrines and dextrinase changes dex- 
trine to fermentable maltose. 

Some yeasts are able to ferment starch, as S, exiguus thmnanti- 
tonum, acetethylicus, Sch. Pom6e, mellacei, octospcymSj the yeast of 
Logos and some yeasts of Saaz and Mycoderma sphaeromyceH. 

Inulin differs from starch by its composition. Certain yeasts are 
able to saccharify it and ferment it on account of an inulase which 
produces levulose and not maltose, as from starch. This enzyme 
has been encountereed in Sch. Pombe and mellacei, 8. frmrxianm 
and thermantitonunij certain species of the type of Saaz, and the 
yeasts E and F of Rose. 

Trisaccharides : Raffinase, Melibiase and Melizitase: Raffinoso 
or mehtriose (C 18 H 32 O 16 ) is capable of decomposition by certain yeasts. 

C18H32O16 + H2O = C6H12O6 + C12H22O11 

Eaffinose Levulose Melibiose 

1 By glucose we shall mean d-glucosc or dextrose. 
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But some decompose it simply into levulose and melibiose, causing 
only the levulose to ferment; others arc able to take it further. They 
act on the melibiosc which they change to dextrose and galactose; 
this is fermented to d-glucose. The dissociation of raffinosc is, then, 
the work of two enzymes, raffinasc and melitriase, which split the raf- 
finose into levulose and melibiosc, and a melibiasc which splits the 
melibiose into dextrose and galactose. 

CAOn + HA) = CeHr-Oc + CcHr-Oo 

Melibiose Dextrose Galactose 

Saccharomycodes Jjudimgii, S. marxianm, exiguuSj tJiermayititonum, 
cartilagmoms^ ScL Pomhe, mellacei, octosponiHj the yeasts and F of 
Rose, and the yeast of Logos cause raffinosci and Ic^vulose to ferment 
but not meUl)iose. They contain only a raffinase. On the contrary, 
bottom yeast of the Frohberg and vSaaz typ(^s (;aus<'- nudibiose and 
levulose to ferment while the top yeasts of these types are able to 
ferment only levulose and do xiot poss(iss a melibiase. 

According to Kalanthar, a nudizitase exists in some yeasts which 
decomposes melizitose into dextrose and turanose. 

Ci8H,,()ia + H 2 O - CoHuOa + CmllnOn 

Melizitose Gluctose Turanoscj 

Disaccharides: Sticrafiej MaltasCj Lactase j Trehalase: The di- 
saccharides possess the genend formula CriHuaOn. Four of them, 
saccharose, maltose, huitosti and tndialose, are well known. 

Saccharose is changcid by siKirase or invertaso to glucose and levu- 
lose. The phenomenon may be expressed by the following equation: 

CvML, + II2O ^ C,llnO, + CeHuOe 

Saccharose Glu(;osc Levulose 

It was in the yeasts that Berthelot found sucnise for the first time. 
It is rather widely distributed among them. In certain species, this 
enzyme remains inside of the cell and only that sucrose which passes 
into the cell, is decomposed. The glucose and levulose thus formed 
diffuse through the membrane into the medium. But in Monilia 
Candida and in the yeast of “Soja'' not only the sucrase remains in 
the cell but also the glucose and levulose, whether it is not al)le to 
diffuse or whether it is destroyed as soon as it is formed. Thus it 
is impossible to observe the inversion of sucrose by an analysis of the 
fermentation mixture. But in many yeasts, sucrase is diffusible, and 
is able to.be secreted outside of the cell. Finally certain yeasts, as 
Sch. octosporiLSj S- apiculatm, BehrensianuB^ Eotmi, mail Diudaicxi, 
P. membrancefacienSj W- belgica, do not possess sucrase and are, conse- 
quently, unable to fennent sucrose. 
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Maltose in order to be assimilated and fermented must also be 
decomposed by an enzyme into two molecules of glucose. This is 
accomplished by maltase. 

C12H22OJ1 + H2O = C6H12O6 + C6H12O6 
Maltose Glucose , Glucose 

Many yeasts at once decompose maltose and saccharose (S. cere- 
visiae PastorianicSj intermedius, validus, ellipsoideus, and turhidans). 
On the contrary, S. marxianus, exigms, Jorgensenii, Saccharomy- 
codes Ludwigii and Saccharomyces guttulatus, are able to ferment sac- 
charose but do not ferment maltose. Maltase is then a different 
enzyme from sucrase. Other yeasts such as /S. apiculatus ferment 
neither maltose nor saccharose, and thus possess neither maltase nor 
sucrase. Maltase is a reversible enzyme and transforms maltose 
into isomaltose. 

For lactose to undergo alcoholic fermentation, it must first be 
changed by lactase into glucose and galactose. 

C12H22O11 + H2O = C6H12O6 + CeHiaOe 

Yeasts possessing a lactase are not common. Only a small number 
are known. Lactase has been found in S. Kephir (Beijerinck), tyrocola 
fragilisj acidi lacticij lactis a and /? (Dombrowski), Zyg, lactisj the 
yeasts of Duclaux, Adametz, and Kayser, and various Torula and 
Mycoderma isolated by Dombrowski, etc. Hunter ^ has mentioned a 
yeast which was able to ferment the lactose in cream. This yeast 
apparently possessed a lactase. Hunter also reviews the literature 
on yeasts which possess this enzyme. Several such instances are men- 
tioned. 

Trehalose is decomposed by trehalase into glucose and levulose. 
Many yeasts seem to possess a trehalase and are thus able to hydrolyze 
trehalose. 

Kalanthar has found it in many beer and wine yeasts. S. ther- 
mantitonum and the bottom yeast of Frohberg (Linder) also contain 
trehalase. 

Neuberg and Karczag^ found that p3a’oracemic and oxymalic acids 
were fermented with the formation of carbon dioxide. Acetalde- 
hyde was identified as the other product. This would indicate that 
a carboxylase removed the CO2 from the pyroracemic acid. Carbon 
dioxide was also split from the following acids: acetone dicarboxylic, 
chelidonic, dihydroxytartaric, phenylglyoxylic and acetylenedicar- 

^ Hunter, 0. W. A Lactose Fermenting Yeast Producing Foamy Cream. 
Journal of Bacteriology, 3 (1918) 293-300. 

2 Neuberg, C. and Karczag, L. Carboxylase, a new enzyme of yeast. Bio- 
chem. Zeit. 36, 68-75, 76-81; Chem. Abstracts, 6 (1912), 380. 
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boxylic acid. Neuberg and CV.apski * dcnionstratecl the presence of 
carboxylase in the juice of to]) yeast. Bau^ stndi(Hl the action of 
yeast on pyroraceinic acid in the prcisence of ceri.ain inorganic salts. 
No carboxylase could be found, which confinn(‘d N(‘ub(u-g’s theory 
that this enjiyuie does not diffuses from living yeast int.o the surround- 
ing medium. Later Ban stabnl that carboxylase could Ix^ dcunon- 
strated in dried yeast 20 years old. Other enzymes sutjh as invertase, 
maltase, melibiase, ernulsin, amygdalase, lipase and oxidase were 
found. 

Glucosides: Ernulsin: Fischcu’ and Tliierf(dd(‘r have shown that 
some yeasts are able to si)lit the a-methylglu(X)sid(\s (substancx^s ob- 
tained from a condensation of metLyl al<x)hol with glucos(^) into 
methyl alcohol and glucose. They are not able to split tlu^ /^J-methyl- 
glucosides, however. 

According to Fischer, this action is not l)r()ught. about by a 
special enzyme, but by maltase which poHsess(is tlu^ ability of splittiiig 
both the a-methylglucosid(iH and maltose. On tlu^ (U)nt.rary, the 
]8-methylglucosides are not d(x*ompos(xl (^xc(‘[)t. by an ernulsin which 
acts to break up this substance^. The invt^stigations of Br(‘sson ^ 
seem to prove, on the contrary, tlu^ ('xistence^ of a sp(‘(ual (uizynu^ in 
the yeasts of Frohbcu’g, which is sharply H(d. apart from siuirasit and 
maltase, and a-methylglucase. 

Whatever is the truth, immy y(nists are known whi(*h are abk^ to 
ferment the a-methylglucoskU^s. Borne of tlumi mv. Mi, ociosporiiH, 
Pombej fnellaceij S, thermantUonum, the yeast of Logos, tlui ycxist 
of Frohberg, and c(*rtain ycxists of Saaz. 

The investigations of ILmry and Auld ^ hav(^ indicat(xl that when 
yeast acts on amygdaline in th(i prescuux^ of toliauu^ at 40^', afUa* 5 
days about 33 per ccuit of the glucoside is d(Ha)mpoH(Ml and aftcu* 1 1 
days, 67 to 70 peu* cemt. From this, thc^sci autfiors im\ led to b(4i(W(i 
that an ernulsin exists in yeasts. Now it scKuns ifrnt, (‘.(‘rtain yeasts 
may act upon tlie j8-m(‘-thyIglucoBides which, according to Fiscluu', 
are not decomposed by ernulsin. 

^ Neuberg, (\ and ( V.apski, L. ( -arboxyliisc^ in thc^ juice of top yea«t. liio- 
chem. Zeit. 67, 0-11, 1914. ('hcin. Abstracts, 9 (1915), 472. 

2 Bau, A. (Jarboxylase. Wochensc^hr. Brau. 32, 4()5-*<). C-lu^in. Al)stra(4s, 
11 (1916), 797. 

® Bau, A. Yeiist carl)oxylasc; its pt^nnancnce in a dry state as coinpeinul with 
the other enzymes of yeast. Bicathexn. Z(4t. 73, 340-368. 

^ Bresson. Sur rexistt^nce dkme nudhylglueoeiise speeifie (hiiis la levure de 
bi5re. Comp. Rend. A(uk 1. Sci. 151, 1910. 

® Henry, A., and Auld, M. On the probable existence of emulsiri in yeast. 
Proc. Roy. Soc. 76, 1905. 
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Bau 1 has shown that amygdalase and emulsin arc present in Froh- 
berg yeast. Experiments with Saaz yeast indicated amygdalas(‘, but 
no emulsin. S, Ludwigiij a yeast with no maltase, acted toward 
amygdalin as did Frohberg yeast. This seems to indicate that the 
disaccharide complex of amygdalin is not identical with maltose though 
it contains two dextrose residues. Bokorny ^ determined the presence 
of amygdalin in brewers^ yeast by the odor of oil of l)itter almonds 
in incubating a mixture of yeast and amygdalin. The existence of 
a yeast myrosinase was also indicated by yeast and myrosin. The 
glucosides, arbutin, ciniferin, and salicin, were not changed l)y the 
yeast. Farber ^ stated that amygdalase, prunase and oxynitrilaae, 
the three enzymes necessary for the complete hydrolysis of amyg- 
dalin, could be separated from bottom yeast. 

Oxidizing and Reducing Enz3rmes 

Catalases are enzymes which decompose hydrogen peroxide with 
the formation of inactive molecular oxygen. They secnxi to play a, 

2 H 2 O 2 = H 2 O + O 2 

r61e in regulating the production of hydrogen peroxide and prevent- 
ing an accumulation of it. Buchner was the first to detect catalase 
in yeast juice. 

The investigations of Tolomei, Issajew,^ Low Henneberg, Neu- 
mann and Wender, have confirmed the existence of this enzynu^ 
According to Neumann and Wender, two catalases (jxist in ycuist., 
an a-catalase insoluble (?) in water and a /3-catalaso solulxle in watcjr. 
These enzymes, which are found in yeast juice and in yeasts killed l)y 
antiseptics, decomposed hydrogen peroxide with the formation of freci 
oxygen. 

Another enzyme similar to catalase, 'philothioriy has been pointcnl 
out by Rey-Pailhade. It decolorized methylene blue and indigo car- 
min and transformed the sulfur in hydrogen sulfide, and the iodin 
in hydriotic acid. Griiss® has observed this same enzyme and called 
it hydrogenase. 

1 Bau, A. Behavior of amygdalin towards fermentation organisms. Wfv- 
chenschr. Brau. 34, 29-31 (1917); Chem. Absts. 12, 403 (1918). 

2 Bokorny, T. Emulsin and myosin in the compressed yeast from Munich 
brewery, partly also in baker's yeast. Biochem. Zeit. 75, 376-41(5. 

3 Farber, E. Occurrence of emulsin-like enzymes separable from yeast ('(‘lla 
in bottom yeast; also, the absence of myrosine in Berlin top and bottom yeast. 
Biochem. Zeit. 78, 264-72. Chem. Absts. 11, 1658 (1917). 

^ Issajew, W. XJeber Hefen Katalase. Zeit. physiol. Chemie, 44, 1905. 

B Low, O. Zur XJnterscheidung zwei Arten Katalase. Cent. Bakt. 10, 1903. 

■ ® Griiss, J. Ueber Oxydaseerscheimmgen der Hefe. Woch. fhr Brauerei 17 
1903, ' ’ 
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Hydrogenasc seems to bo rather widespread among the yeasts. 
One hundred and forty years ago, Nesslcr stated that if flowers of 
sulfur were added to a liquid undergoing alcoholic fermentation, hy- 
drogen sulfid would be formed. We shall see further on that accord- 
ing to Griiss, hydrogenase plays a role in alcoholic fermentations. 

Reductas(\s for other sulfur compounds have l)een studied by vari- 
ous investigators. Beijerinck^ and Kossowicz and Loew" were un- 
able to find any reduction of sulfates with different strains of yeasts. 
Among the strains which were used by these investigators, were *S^ac- 
charomyces cMreidsiae and Saccharomyca,^ eUipwuleiis. Tanner,''^ how- 
ever, demonstrated sulfate reduction with 9 out of 30 pure cultures 
of yeasts. The fungi, used by Tanner, could also split hydrogem 
sulfur from other sulfur compounds. Most of the cultures could 
attack the sulfur in sodium thiosulfate and a f(^w hhIikukI thci sulfur 
in sodium sulfite. Free sulfur was also cliang(^d to hydrogcai sulfide. 

Oxydases are enzymes which oxidize and yield ptn-oxides. Gruss 
has pointed out the prc^sence in yeast of an oxidase which does not 
act on guaiac but gives a violet reaction with t(da*am(vthylphenylcn- 
diamine. This enzyme oxidized aldehydes to acetic acid and reduced 
fuchsin and methykaic blue. 

It is undoubtedly due to this enzyme that certain yeasts are al)le 
to oxidize alcohol in contact with air. Griiss believes that they play 
a large r61e in res];)iration. 


Toxins 

Haydruck was the first to point out the existcn(*e in yeasts of an 
endotoxin capable of killing them when it is (^xtrac,t(Hl from the cells 
and introdiKuul into the (uiltun^ media. Fernbach and Vulquin ^ have 
confirmed tlu^ existenute of this toxin whic^h scicms to play toward the 
yeast the r61(^ of an antisc^ptic. These authors have i)repared this 
substance in the following manner: (3omi)ressed yeast, previously 
dried at 7(f , is maccirated in a 1 per cent solution of hydrochloric 
acid for al)out 20 houre at 35-37®. The filtered macerated mixture 
is evaporated under reduced pressure, having been slightly alka- 

i Beijerinck, M. W. Cent.. Bakt. ParaHitenk. Abt. II, 6, 194-206, 1900. 

® Ko8HOwi<Jz and Loew. Gtlrungsphysiol. 2, 87-103 (1912). 

® Tann(‘r, F. W. Studies on the BactcTial Metabolism of Sulfur. IL For- 
mation of hydrogen sulfid from c(‘rtain sulfur compounds by yeast-like fungi. Jour. 
Amur. Chem. Soc. 60 (1918), 663-9. 

^ Fernbach, A. Sur un poison 61abor6 par la levure. Comp. Rend. Acad. 
Sci. 144, 1909. 

® Fernbach, A., and Vulquin, E. Quelques observations nouvelles sur le 
pouvoir bactiSricide des macerations dc levurcs. Comp. Rond, Acad. Sci. 67, 1909. 
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linized with sodium hydroxids. The distillate is received in dilute 
sulfuric acid, and there results a liquid which, after neutralization, pos- 
sesses toxic properties for the cells when introduced into them. Ex- 
periments with B. coll and Staphylococcus pyogenes aureus indicate that 
the yeast toxin is also poisonous to them. Like other toxins, it passes 
through porcelain filters and is destroyed at 100*^. It is also vola- 
tile. From some of its characteristics, it seems that this toxin ought 
to belong to the amines. Fernbach ^ continued his study of toxic sub- 
stances in yeasts by drying yeast cells at 37® C. and extracting them 
with dilute hydrochloric acid. The filtered extract was toxic to 
yeasts and bacteria. The toxic substance was destroyed at 10® C. 
and was volatile. Haydruck^ has been unable to confirm these 
results of Fernbach.^ 


NUTRITION OF YEASTS 
1, Mineral Elements 

Mayer ^ has studied the mineral elements which are necessary for 
the yeasts. This author attempted to determine new modia by the 
introduction of new elements. The mineral mixture which yields the 
bests results, is as follows: 

0.1 gram Monobasic potassium phosphate*. 

0.1 “ Magnesixim sulfate 

0.1 Tribasic calcium phosphate 

100.00 c.c Distilled water 
15.00 grams Candied sugar. 

According to these investigations, potassium phosphate plays an 
important r61e, after which is magnesium. It is interesting to note 
that these mineral elements are the same, and almost in the same 
proportion, as those which have been found by analysis of yeasts. 
The synthetic method has then confirmed the results of the analytic 
method. 

The investigations of Elion® and Stern® have confirmed the re- 
sults of Mayer and shown that the phosphates, magnesium, potas- 
sium and sulfur are indispensable elements in the life of yeasts. 

1 Fernbach, A. The poison elaborated from yeast. Comp. Rend. Acad. Bd. 
149, 437-439. 

2 Haydruck, F. Yeast poison in yeast. Wochenschr. Bran. 20, 677. 

3 Fernbach, A. Toxic substance elaborated by yeast. Ann. Brasserie dis- 
tillerie, 12, 361. Chem. Absts. 4 (1910), 948. 

4 Mayer, A. Lehrbuch der Garungsehemie, 1902, 5th edition. 

5 Elion, H. Studien iiber Hefe. Cent. Bakt. 14, 1893. 

fi Stern. Nutrition de la levure. Jour. Chem. Society, 1899 and 1901. 
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2. Nitrogenous Substances 

The nitrogenous substances may be divitled into four groups: 
ammonia, nitrates, albumins, and their d(Tivatives, such as amid(‘s 
and amines. Since the investigations of Boussingault, it has becui 
known that the nitrates play an important role in the nutrition of 
higher plants. The investigations of Muntjs have shown that ammonia 
is also assimilated by higher plants, but it is only a substance of 
medium importance. In the nutrition of yeasts, ammonia salts 
(phosphates and sulfates), on the contrary, play an imi)ortant r^hi while 
the nitrates are generally not iissimilat-cHl. 

Pasteur was the first to establish that the ammonium salts were 
good foods for the yeasts. The later investigations by Du(;laux and 
Laborde, and Laurent have confirmed theses n^siilts. The experi- 
ments of Laurent have indicated that yeasts do not assimilate ni- 
trates. According to this author, they would have to rculuce tlie 
nitrates to nitrites, substances which are toxic. Beijerinck, however, 
has stated that certain yc^asts, such as 8, acet(ihylicu8j are able to 
assiniilate nitrates. Since then, the investigations of Kayser,^ and 
Fernbach and Lanzenberg^ have shown that, if nitrates are injuri- 
ous to multiplication, they have a favoring infiueruje on the ^lyrnase 
in fermentation. 

The r(‘lation of albuminoid substarujes to the metabolism of 
yeasts is very obscure. According to Pastxnir and Ad. Mayer, tlie 
yeasts are unable to use egg white or blood fibrin. These substancK^s 
do not pass through the (^ell membrane, and tlu^ endotryptase of the 
yeasts is an intracellular enzyme which does not pass easily to the 
outside of the cc^ll. We have seen that, according to Boullinger, cer- 
tain yeasts inoculated into milk dewelop veuy slowly and prodiu^e, 
after a few months, a curd which slowly liqiudies with the formation 
of ammonium salts, tyrosine, and hnicine. Tlu^e is tlxen a dissolu- 
tion and digestion of the casein by the yeast. It is known, on the other 
hand, that certain species of yeasts liquefy gelatin. It must be ad- 
mitted that, under special conditions, endotryptase^ may pass through 
the cell membrane. 

On the contrary, if yeasts do not accommodate themstilves to 
these compounds, they easily assimilate the dialyzable derivatives of 
them, such as the albumoses and peptones. It is curious to note that 

^ Kaysc^r, E, Influence des nitrates sur les ferments alcooliques. Comp. 
Rend. Acad. Sei. 150, 1910. 

^ Fernbach, A., and Lanzenberg, A. Do FAction des nitrates dans la fermen- 
tation alcoolique. Comp. Rend. Acad. Sci. 151, 1910. 
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they are able to utilize also as sources of nitrogen, certain enzymes 
such as pepsin (Mayer and Heinzelmann). 

According to more recent investigations, the derivatives of air 
buminoids (amides, amino acids, and leucomaines) are assimilated 
more easily than the albumoses and make up the desirable nitrog- 
enous substances for the yeasts. The work of Rettger has shown the 
same thing for the bacteria. 

Waterman ^ stated that the amino group is an especially suitable 
source of nitrogen. This depends on the presence of one or more 
acid amide groups which are not available for nutrition. Waterman 
points out that this selective action of yeasts may be used to separate 
closely related compounds. Asparagin and aspartic acid are utilized 
while succinamic and succinamide, which contain only the acid amide 
groups, are not assimilated. Cinnamamide is not assimilated while 
a-aminocinnamamide is used. 

Neubauer and Fromherz^ fermented dl phenylaminoacetic acid 
(C 6 H 40 H(NH 2 )C 00 H) in the presence of 10 per cent of cane sugar 
for three days. There was left an amount of undecomposed acid 
which was usually more or less 1. By means of certain methods phenyl- 
glyoxylic acid hydrazone was obtained. Sodium succinate, benzyl 
chloride, p-hydroxyphenyl ethyl alcohol (perhaps from yeast tyro- 
sine), Z-acetylphenylamino acetic acid were obtained. Para-hydroxy- 
phenylpyruvic acid was also fermented. These authors are led to 
construct the path from amino acid to the next lower alcohol as fol- 
lows: 

RCH(NH2)C00H = RC(0H)(NH2)C00H 

= RCOCOOH - RCHO-RCH 2 OH. 

The processes thus involved are oxidation, decarboxylation, acid 
reduction. The alcohol acid RCHOHCOOH and the acetylamino 
acid result from secondary reactions. 

Kossowicz^ found that yeasts could utilize nitrates. Bokorny^ 
found that nitrates were unaltered and not assimilated. The simple 
amines, such as ethyl amine, were also unfavorable. The presence 
of sugars was found to be necessary to keep down the bacteria. With 
various sources of nitrogen in the medium, the following increases 
were observed in dried yeast: 

^ Waterman, H. J. Nitrogen nutrition of compressed yeast. Zent. Biochem. 
Biophys. 16, 276. 

2 Neubauer, 0., and Fromhers, K. The decomposition of amino acids in 
yeast fermentation. Zeit. physiol. Chem. 70, 326-350. 

* Kossowicz, A. Behavior of yeasts and molds towards nitrates. Biochem. 
Z. 67, 400-19, 1914; 

4 Bokorny, Th. Sources of nitrogen of yeasts. Chem. Ztg. 40 (1916),' 
366-368. 
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(NH 4)2 + sucrose = 71.8 per cent increase 

+ dextrose = 113.0 

Asparagin -f sucrose = 103.7 “ 

Aspartic acid + = 61.3 “ 

Leucine + - 90.3 

Tyrosines = 61.3 “ 

Glycine + = 25.8 

With somatose (flesh albumose) there was a decrease of 9.7 per 
cent which would seem to indicate that the albumoses must be fur- 
ther decomposed. Peptone with sucrose gave an increase of 177 per 
cent while peptone alone gave 152 per cent. 

Lindner and Wiist ^ find that urea can serve yeasts and molds as 
sources of nitrogen but not for carbon. Bokorny^ has measured the 
increase in development of yeast when nitrogen is taken from urea, 
by the dry weight. Considerable growth took place when the yeast 
was grown in urine to which sugar had been added. The urea and 
not the hippuric acid is said to be the source of the nitrogen. 

Hoffman ^ has shown that the addition of ammonium chloride to 
bread dough saved 30 per cent of the yeast ordinarily used. Experi- 
ments were carried out which showed that this nitrogen went to con- 
struct yeast protein. Good arguments are presented which show 
that this salt does not go for other purposes. Ehrlich ^ stated that 
ammonium salts were readily changed into yeast protein. Delbrtick 
and Classen ® have used ammonium salts for cultivating yeast. Voltz ® 
found that the composition of yeast grown on mineral salts was like 
that grown with other sources of nitrogen. 

Kossowicz and Groller ^ have stated that the thiocyanates will 
serve yeasts as source of nitrogen and sulfur but not carbon. 

^ Lindner, P., and Wiist, G. Assimilation of urea by yeasts and molds. 
Wochenschr. Brau. 30, 477-9. Chem. Absts. 8 (1914), 727. 

2 Bokorny, Th. The increase in dry weight of yeast when urea is used as 
the source of nitrogen. Biochem. Zeit. 82 (1917), 359-390; The culture of yeast 
in the presence of air with the use of urea as source of nitrogen and with different 
sources of carbon. The quotient of sugar assimilation. Biochem. Z. 83 (1917), 
133-164. Chem. Absts. 12 (1918), 1203. 

® Hoffman, C. H. The utilization of ammonium chloride by yeast. Jour. 
Ind. Eng. Chem. 9 (1917) 148-151. 

^ Ehrlich. Biochem. Z. 18, 391-423. 

® Delbriick. Classen. A new method for increasing the production of yeast. 
Z. Ver. Deut. Ing. 59 (1915), 844. 

® Voltz. Utilization of the animal organism of yeast produced from sucrose 
and nutritive mineral salts. Z. Spiritusind. 38 (1915) 235-6. 

Kossowicz, A. and Groller, L. Thiocyanates as a source of carbon, nitrogen 
and sulfur for molds, yeasts and bacteria. Zeit, Garungsphysiologie, 2, 59-65. 
Chem. Absts. 7 (1913), 808. 
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The investigations of Mayer, Haydruck and Kusserow, Schulz, 
Thomas ^ and Lindner, have shown that, among the amides, allan- 
toin, asparagin, and urea are assimilable by yeasts. It has been 
pointed out, however, that the investigations of Shiga, Straughn and 
Jones have indicated in yeast juice the presence of a guanase which 
transforms guanine into xanthine, and of an arginase which will split 
xanthine and ornithine into urea. According to Mayer, caffein, 
creatin, and creatinin are not acted upon by yeasts. 

The investigations of P. Lindner,^ and his collaborators Riilke and 
Hoffmann, have shown that yeasts may assimilate products of their 
autodigestion. Among those, tyrosine, leucine, adenine, asparagine, 
aspartic acid and ammonium sulfate are most easily assimilated; 
finally, choline is used. All of the yeasts, however, do not act in the 
same manner in this relation. It is thus that the top and bottom yeast 
of the brewery and distillery types and yeast juice easily assimilate 
tyrosine, leucine, adenine, aspartic acid, guanidine, arginine, hypo- 
xanthine, histidine, uracil, choline, thymine, potassium nitrate and 
ammonium sulfate. Mycoderma and the species of the genus Willia 
and Pichia use almost all of the products of autolysis. 

More recently, Ehrlich ^ has stated that leucine and isoleucine 
are especially desirable compounds for yeasts which add a molecule 
of water, splitting them into isoamyl alcohol (or amyl) and ammonia. 
The ammonia is used by the yeast. Effront ^ has also given evidence 
of the existence of an amidase which acts on amino acids but without 
giving alcohols, transforming them into ammonia and volatile acids. 
Pringsheim ® admits the existence of a desamidase which allows yeasts 
to take their nitrogen from amino acids but without the production 
of ammonia. The investigations up to the present, then, seem to in- 
dicate that the amino acids make up a better source of nitrogen for 
yeasts. Data from Rettger^s laboratory allow similar conclusions for 
the bacteria. Koser and Rettger® have shown that the amino acids 

^ Thomas, P. Sur la nutrition azot4e de la levure. Comp. Rend. Acad. Sci. 
131, 1910. 

^ Lindner, P. Rulke, P., and Hoffmann. Wochenschr. Brauerei, 22, No. 40. 
Lindner, P., and Stockhausen. Wochenschr. Brauerei 3, No. 40 and Bioch. Centr. 
IV. 

3 Ehrlich, F. Tiber die Spaltung racemischer Aminosauren mittels Hefe. 
Biochemische Zeitschr. 8, 1908. 

^ Effront, I. Action de la levure de bi^re sur les acides amides. Comp. 
Rend. Acad. Sciences, 146, 1908, 

® Pringsheim, H. Ueber die Stickstoffernahrung der Hefe. Biochemische 
Zeitschrift, 3, 1907. 

® Koser, S. A. and Rettger, L. F. Studies on Bacterial Metabolism. The 
Utilization of Nitrogenous Compounds of Definite Chemical Composition. Jour. 
Inf. Dis. 24 (1919) 301-321. 
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serve bacteria through several generations while, in other papers, it has 
been shown that the more complex split products of protein could not. 

Jodin ^ and Hallier ^ attributed to yeasts the ability to fix at- 
mospheric nitrogen. Woff and Zimmermann,^ however, could not con- 
firm these statements. Zikes ^ isolated a pseudo-yeast, Torula wiesneVj 
to which he attributed the ability to fix atmospheric nitrogen. He 
isolated this organism from laurel leaves, and secured a fixation of 
2.3~2.4 mg. per gram of glucose. Ldhnis and Pillai^ secured but 
slight fixation with a Torula. With Dematium pullulans there was a 
greater fixation. Lipman ® found that yeasts and pseudo-yeasts 
could fix atmospheric nitrogen. The action went better in solutions 
containing dextrose. Lindner and Naumann could secure no fixa- 
tion in a solution containing 5 per cent of dextrose, .025 per cent of 
magnesium sulfate, 0.5 per cent of mono potassium phosphate and .025 
per cent of asparagin. Such results are in sharp contrast with those 
of other investigators. Kossowicz ® reaches the conclusion that while 
yeasts can live with but a very small amount of nitrogen, they do not 
have the power to fix atmospheric nitrogen. Other nitrogenous com- 
pounds may be taken from the air. 

Schwarz ^ made an interesting study on the effect of adrenalin 
on unicellular organisms. He found that this substance acted on 
organisms without nerves just as it did on higher organisms. Large 
quantities of sugars were used, as evidenced by much CO 2 . The 
ability to utilize non-diffusible substances was acquired (glycogen, 
casein, alanine). These were changed to fermentable sugars. Fur- 
ther experiments with glycogen, starch, alanine, and sodium aspar- 
tate, gave CO 2 when adrenalin was present, otherwise not. 

Lindner studied the various sources from which a yeast could 

^ Jodin, Compt. rend. Acad, Sci. 55, 612. 

* Hallier, Zeit. fiir Parasitenkunde. 1, 129. 

^ Woff and Zimmermann. Jahresbericht der Ag. Chemie, 13“15, 169. 

* Zikes, Sitzungsber. Akad. Wien, mathe. naturw. Kl. 118, 1091. 

® Lohnis, F. and Pillai. Cent. Bakt. Abt. 2, 20, 799. 

® Lipman, C. B. Nitrogen fixation by yeasts and other fungi. J. Biol. Chem. 
10, 169-182. 

^ Lindner, P. and Naumann, C. W. Assimilation of nitrogen of air by yeasts 
and molds. Wochenschr. Brau. 30, 589-592. 

® Kossowicz, A. Question of the assimilation of elementary nitrogen by 
yeasts and mold fungi. Biochem. Z. 64, 82-5. Fixation of elementary nitrogen 
by saccharomycetes (yeasts) and molds. Z. Garungsphysiologie, 5, 26. 

^ Schwarz, O. The action of adrenalin on the ' monocellular organism. Wien- 
klin. Wochenschr. 24, 267-8. Decomposition of nitrogenous substances by yeasts. 
Biochem. Z. 33, 30-1. 

Lindner, P. Results obtained in fermentation and assimilation experiments 
with yeasts. Chem. Ztg, 34, 1144. 
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take nitrogen. Compoimds with long hydrocarbon chains were easily 
assimilated. The ring structures, such as histidine, were used with 
more difficulty. Leucine, adenine, and lysine were easily assimilated, 
but thymine, uracil, choline, hypoxanthine more difficultly. Adenine, 
since its nitrogen is in the side chain, was more easily assimilated 
than hypoxanthine. The more aerobic yeasts were found to utilize 
more difficultly assimilable nitrogen more easily. 

Zalesky and Israelsky ^ found that the protein content of yeast 
remained constant in fermentation. Asparagin and glutamic acid 
support synthesis of protein while glycocoll and phenylalanine do not. 

Thomas 2 and Kolodziejska ^ found two new proteins in yeasts. 
One belonged to the casein group and the other to the vegetable al- 
bumins. This latter was named cerevisin. 

Meisenheimer ^ studied nitrogen substance in yeast by autolysis 
in presence of toluene. All of the common amino acids were found 
among the cleavage products of yeast protein. Glucosamine, so 
often looked for in vain, was demonstrated to be present. Nitrogen 


in yeast protein is distributed as follows: 

Ammonia nitrogen 11 per cent 

Alloxur bases (nuclein bases) nitrogen 7 per cent 

Arginine-histidine nitrogen 22 per cent 

Lysine-choline nitrogen 4 per cent 

Monoamino acid nitrogen 56 per cent 


Haydruck ® has shown that yeasts are suitable foods and that 
they should be looked upon favorably as constituents in the human 
diet. 

Ehrlich ® has stated that amino acids are deaminized arid the rest 
of the molecule is discharged as fatty acid or alcohols. Sugar is said 
to be the sole source of carbon. To secure data with regard to what 
products in sugar decomposition went to make up the complex yeast 
proteins, he grew Willio, anomala, Hansen, in solutions containing 
only mineral salts, tyrosine and either glycerol, ethyl alcohol, methyl 

^ Zalesky, W. and Israelsky, W. Synthesis of protein in yeast. Ber. dent. 
Bot. Ges. 32 (1914), 472-9. 

^ Thonaas, P. Protein substances of yeast. Comp. rend. Acad. Sci. 156, 
2024-7. 

® Thomas, P. and Kolodziejska, S. Protein matter of yeast and its products 
of hydrolysis. Comp. rend. Acad. Sci. 157, 243-6. 

^ Meisenheimer, J. The nitrogenous substance of yeast. Wochenschr. Brau. 
32 (1915) 325-6. 

s Haydruck, F. The utilization of yeasts. Brewers Journal, 48, 57-58. 
1912. 

6 Ehrlich, F. The formation of the plasma in yeasts and molds. Biochem. 
Z. 36, 447-97; Chem.- Absts. 6 (1912) 240. 
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Lol, amyl alcohol or lactic acid. Cultures in glycerol and ethyl 
loI grew as well as the control in sucrose, (cultures in lactic acid, 
yl alcohol and amyl alcohol grew slightly, and formed sufficient 
lol for isolation. Since tyrosol corresponding to nearly all of the 
iine was obtained, it shows that when the carbon diet is limited 
mple compounds, the yeast does not utilize the carbon of amino 


3. Hydrocarbon Compounds 

he yeasts, being, like the f\ingi, without chlorophyll, are not able 
he their carbon from the atmosph(‘r(^ They have to resort to 
' compounds as sugars, ald(ihyd(^s, acids, etc. 
he hydrocarbon metabolism of yeiists ought to be looked at from 
standpoints. One should distinguish the hydrocar))on metabo- 
of the yeasts during the a(u-obi(t life, that is the plant-yeast, 
also during feunnentation, yeast-ferment. In the two ciises, they 
ifferently. The first of th(‘se will be treated here, and the other 
. we take up alcoholic fermentation. 

rom the experim(uits of Ijaunuit,^ it is (wid(mt that the alcohols, 
ydes, ethera, fatty acids, amid(^ 8 , glyco(X)ll, liydroquinom^, and 
ose are not al)lc to lil)erate theur carbon to the yeasts. On the 
ary, the yeiusts are able to take it from ac^etates, lactates, cit- 
, tartrates, malates, succinates, bi^rtaric acid, malic acid, succinic 
lactic acid, glycerol, from sugars of the CeHi-iOe and Ci2H220u 
i, and from substaiujes capable of transforming into glucosides 
ine lecithin, asparagin, peptones, etc. Bokorny has also reached 
b the same conclusion. 

. seems that alcohol, which these authors regard as not used by 
s, is able, however, to be used by certain spcKues.^ Thus it is 
recent investigations by Trillat and Sauton,® Kayser and Demo- 
indicate that they oxidize alcohol to the aldehyde, 
he investigations of Lindner and Saito ^ indicate that maltose 

Laurent, E. Nutrition hydrocarbondo et formation du glycogdne chez la 
de bic^re, Ann. Past. Inst, 3, 1889. 

We shall see that yeasts are able to live for many years in liquids which 
have fermented. It is probable that they use the glycerol and succinic 
which are regarded by Laurent as being able to supply the needs of yeasts 
rbon). For certain species alcohol seems to be the source of carbon. 

Trillat and Sauton. L’ald^hyde ac6tique est-il un produit normal de la 
:itation alcoolique? Ann. Inst. Past. 24. 1910. 

Kayser and Demolon, Sur la vie de la levure aprds la fermentation alcooli- 
Comp. Rend. Acad. Sci. 149. 

Lindner, P. and Saito, K. Assimilierbarkeit verschiedener Kohlehydrate 
Woch. Brauerei No. 41. 1910. 
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is best adapted to yeast metabolism. This sugar is assimilated by 
practically all of the yeasts. Dextrine is transformed by certain 
varieties (Mycoderma and Torula), but is not well adapted to others. 
Sucrose which is so easily fermented does not play any role in as- 
similation. The same is true with regard to glucose, levulose, rafh- 
nose, and arabinose. Finally, lactose is not assimilated except in 
isolated cases. Lindner,^ in a later publication, stated that maltose 
is easily available as a nutrient sugar, glucose, fructose, and cane sugar 
being less valuable. In fact sucrose was often valueless. 

On the other hand, the experiments of these authors have showed 
that there is no relation between the fermentability of a sugar and its 
use as an nutrient. Thus it is that one frequently meets yeasts 
which, in functioning aerobically, energetically assimilate a sugar, 
while, functioning anaerobically, they are unable to ferment it. One 
may encounter, although rarely, a yeast which is able to ferment a 
sugar and not able to use it as a nutrient. Such is the case with 
S. Ludwigiij exiguus, cartilaginosus and Sch. Porribe and mellacei 
which produce an active fermentation of glucose, levulose and sac- 
charose but are unable to assimilate any of them. 

Kluyver ^ attributed the statements that yeast is able to assimilate 
maltose to the fact that the maltose contained glucose. When the 
maltose was purified and freed from the glucose no assimilation was 
secured. Lindner ^ has shown that maltose is easily assimilated by 
yeasts. Glucose, sucrose, and fructose were less satisfactory. 

It is known since the work of Errera that glycogen is abundant 
in yeast cells. Since it is there so abundantly, it seems to have con- 
siderable importance in the life of the yeasts. The study of the con- 
ditions for its formation is. very interesting and may explain many 
facts with regard to the hydrocarbon nutrition of yeasts. This study 
has been made by Laurent who has stated that glycogen is able to 
be formed at the expense of the following substances: 

Lactates 

Succinic acid and ammonium succinate 

Malic acid and malates 

Mannite 

Sugars of the C6H12O6 and Ci 2 H 220 n series 
Glycogen 

^ Lindner, P. The results obtained in fermentation and assimilation experi- 
ments with yeasts. Chem. Ztg. 34, 1144. Chem. Absts. 6 (1912) 1050. 

2 Kluyver, A. J. Assimilability of maltose by yeasts. Biochem. Zeit. 52, 
486-493. 

^ Lindner, P. The results obtained in fermentation and assimilation experi- 
ments with yeasts. Chem. Ztg. 34, 1144. 
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Gum ariil)ic 

Erythrodextrine and dextrine 
Mucic acid 

Asparagin and glutanine 

Salicine, amygdalin, and other glucosides 

Egg albumin 

Peptones from fibrine and casein. 

' It is stated, ac^cording l.o Laurent, tliat gly(‘.ogen is ablc^ to serve 
in the hydrociarbon nutrition of yeasts and tlu^ |)rodu(rti()n of glyco- 
gen in the cell. This statement is without doubt in <UTor. From the 
investigations of Koch and Hosacnis,^ it has Ixnai establislu‘d tliat 
glycogen is not alisorlied by yeasts, for it is not difTusible through the 
cell membrane any more than the glycogenase encloH(‘d in the c(^ll. 

The conclusions of Laurent have been confirmed, in most part liy 
Cremcr. This author Inus iilso staknl that ^x^ast^s (k^prived of iheir 
glycogen by autofermentation phenomena, whit^h \vc shall study 
further, produce it after a few houm if they are i)lac(‘d in a solution 
with sugar (saccharoses, levulose, glu(X)S(^, d-gala(d.o<*(^, d-mannose) 
but not if furnished with arabinose, rhamnose, sorliost^, lactose, glyc- 
erol or glycogen. 

According to Laurent, Boullinger, and Kayser and Meissner, 
glycogen is rare or completely abscuit at the beginning of huinentation; 
it increases progressivcily and soon reaches a maximum. It disafijxmrs 
at the end of feu-mentation. These results are absolut.ely confirmed 
by those of Wagner, Kohl and (Juilliermond. It secuns that toward 
the middle of the fermentation, glycogen accumulateB in the cell 
much more quickly than it is consumed. 

The investigations of Lindner and Will indi(^ate that glycogen is 
unevenly distributed in the yejust cell and is able to exist undca* very 
variable conditions. Thus it is that Lindner has observed glycogen 
in yeasts which had been cultivated on gelatin for 4 months. Tho 
same is true of most reserve products. It is difficult to state acc.u- 
rately the conditions under which the formation of gly(X)g(ui is greater 
than the expenditure. 

These authors have come to regard glycogen as a transitory sub- 
stance in the cell and intermediary bctwecui the sugars and alcohols. 
According to Gruss, it constitutes, as we shall show latc^r on, an ex- 
clusive substance destined for respiration (in presence of air) and for 
fermentation (in the absence of air). Glycogen is formed from thci 
sugars which are dissolved by the cell and is transformed either into 

^ Koch, A. and Hosaeus. Ueber einen iicucii Froschlauch dtT Ziickerfabriken. 
Cent. Bakt. 16, 1894. 
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carbonic acid and water in aerobic life, or into carbonic acid and 
alcohol in anaerobic life. 

Kohl holds the same opinion based on the following: Glycogen 
is especially abundant in yeast cells during active fermentation. It 
is not found in cells about to sporulate or in ascospores. Our ob- 
servations have shown on the contrary that glycogen is very abun- 
dant, not only during fermentation but also during the formation of 
ascospores in the course of their maturation. Part is used in the 
formation of the ascospore while the rest is kept in reserve for their 
germination. The investigations of Will have shown that the durable 
cells contain large quantities of glycogen. These facts do not exclude 
the theory of Griiss, for it is possible that glycogen is a reserve prod- 
uct especially for respiration. 

Henneberg ^ states that glycogen may occur in both normal and 
abnormal yeast. Since yeast cells containing more that 53 per cent of 
protein usually contain little glycogen, it is probable that yeast cells 
in potato mashes, etc., will contain little. Bruschi ^ found that 
antiseptics, such as chloroform; ether, thymol and formalin, did not 
completely stop the formation of glycogen even though fermentation 
was impeded. The production of alcohol determined the amount of 
glycogen formed. It is stated that glycogen is formed by the con- 
densation of some intermediate product of fermentation. Kullberg ® 
reported an inverse relation between the nitrogen content of the yeast 
cell and the glycogen content. 

Will and Heuse ^ found that ethylacetate satisfied the carbon 
requirements of yeast and that they could grow without the presence 
of organic matter. Lindner and Cziser ® found alcohol a source of 
carbon. Stockhausen® confirmed this opinion. Lindner^ has re- 

^ Henneberg, W. Amount of glycogen in differently fed yeast cultures. Bieder- 
mann’s Zentr. 1912. 277-8; Chem. Absts. 6, 1917-18. 1912. 

2 Bruschi, D. Formation of glycogen in the yeast cell. . Att. accad. Lincei, 
21, 1, 54r-60; Chem. Absts. 6 , 1018-19, 1912; Cent. Bakt. Abt. II, 35, 316; Chem. 
Absts. 7 (1913) 495, 

® Kullberg, S. Simultaneous change in the content of glycogen, nitrogen 
and enzyme in living yeast. Zeit. physiol. Chem. 92, 340-359. (1914); Chem. 

Absts. 9 (1915), 471. 

^ WiU, H., and Heuse, E. Ethyl acetate as a source of carbon for yeasts 
and other budding fungi. Zeit. ges. Brauw. 35, 128-9, Chem. Absts. 6 (1912) 
1626. 

® Lindner, P. and Cziser. Alcohol, a more or less excellent nutrient medium 
for different organisms. Wochenschr. Bran. 29, 1-6; Chem. Absts. 6 (1912) 1916. 

® Stockhausen, F. Alcohol assimilation by yeasts. Chem. Ztg. 35, 1197. 
Chem. Absts. 6 (1912) 3106. 

^ Lindner, P. Non-assiroilation of methyl alcohol by microorganisms capable 
of assimilating ethyl alcohol. Z. Spiritusind, 35, 185; Chem. Absts. 6 (1912) 1917. 
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ported that S. memhranaefaciens could take its carbon from ethyl but 
not from methyl alcohol. Bokorny ^ studied the sources of carbon 
for yeasts and stated that urea cannot supply carbon for yeasts. This 
is confirmed by Lindner and Wiist^ who found that urea could supply 
nitrogen but not carbon. Pentoses were found by Bokorny to be not 
fermented but could serve as a source for carbon. Others have shown 
that different organic acids, glycerol, asparagin, peptone, etc., could 
be used. Will ^ found that, in mineral media, esters could act as a 
source of carbon. Lindner studied the assimilability of the various 
carbohydrates. He investigated dextrose, mannose, galactose, levulose, 
trehalose, sucrose, maltose, lactose, melibiose, raffinose, a-methyl- 
glucoside, xylose and rhamnose. The simple sugars, trehalose, suc- 
rose and maltose, were fermented. Lactose was not. In certain cases, 
there was a questionable fermentation of xylose and rhamnose. Meli- 
biose was not fermented by top yeast. There seemed to be a marked 
difference in action toward a-methylglucoside. In a later paper 
Lindner ® again found maltose better than other sugars. 

Bokorny ® has stated that external factors have great influence in 
fermentation and assimilation studies. Light is not important for 
the yeasts but plenty of air is important. The increase in dry sub- 
stance in this experiment was taken as the criterion of assimilation. 
Assimilation was promoted by free KOH at certain concentrations. 

Kita ^ found that purified maltose was less easily assimilated than 
unpurified. He attributed this to the fact that in the impure maltose 
there was an oryzanin-like compound. The same thing was observed 
by Kluyver.^ 

1 Bokorny, T. The formation of protein from different sources of carbon. 
Munch, med. Wochenschr. 63, 791-2; Chem. Absts. 11 (1917) 2813. 

2 Lindner, P. and Wiist, G. Wochenschr. Brau. 30, 477-9. Chem. Absts. 8 
(1914) 727. 

3 Will, H. Influence of esters on yeasts and other budding fungi. Cent. 
Bakt. Abt. II. 38, 539-76. Chem. Absts. 8 (1914) 357. 

^ Lindner, P. Assimilation of various carbohydrates by different yeasts and 
the like. Wochenschr. Brau. 47, 561-563. Chem. Absts. 6 (1912) 1808. 

Lindner, P. and Saito, K. The assimilation of various carbohydrates by 
different yeasts. Wochenschr. Brau. 27, 509-13; Chem. Absts. II, 476, 5 (1911) 
1489. 

® Lindner, P. The results obtained in fermentation and assimilation experi- 
ments with yeasts. Chem. Ztg. 34, 1144. 

® Bokorny, Th. Relation between sugar fermentations and sugar assimila- 
tion. . Allgem. Brau-Hopfen Ztg. 57, 447-80; Chem. Absts. 12 (1918) 847, 

^ Kita, G. The question of the assimilability of maltose by yeasts. Zeit. 
Garungsphysiologie, 4, 231-4. Chem. Absts. 8 (1914) 3809. 

® Kluyver, A. J. Assimilability of maltose by yeasts. Biochem. Z. 52, 486; 
Chem. Absts 8 (1914) 359. 
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Lindner/ using ScLcchdTOTnycBS iiuevihT(i 7 i(i 6 fcici 6 Tis, which assiniil 0 >tes 
ethyl alcohol in the absence of other sources of carbon, could not find 
an assimilation of methyl alcohol. 

Stockhausen 2 inoculated a mineral nutrient solution containing 
(NH 4 ) 2 S 04 as the source of nitrogen and 4 per cent of alcohol as the 
source of carbon. Excellent yeast growth was secured in a few days. 
This author argues that alcohol, in this case, was a food from which 
plasma, cell membrane and fat could be built. The same fact was 
estabhshed by Lindner and C25ier.^ 

Rubner ^ beheves that, other than physical conditions control 
assimilation and nourishment of yeasts since they take what sugar is 
needed irrespective of its concentration. Rubner found that live 
yeast, as well as yeast killed with toluene, quickly took up sugar 
from a solution without fermentation, while yeast heated to 100° C. 
did not. This author regards the yeasts as organisms possessing great 
energy transformations per unit mass. Lindner ^ found that growth 
took place at the expense of atmospheric nitrogen. Ethyl alcohol 
and free ammonia were used to build protoplasm. Saccharomyces 
acetethylicus assimilated nitrogen from nitrates. Urea provided assimi- 
lated nitrogen particularly if maltose was present. Maltose was found 
to be the best source of carbon. Melibiose and raffinose are readily 
assimilated by yeasts even by some which do not ferment them. 

Respiration 

We have seen that yeasts placed in contact with air, act like 
ordinary plants without causing alcoholic fermentation. Like all 
living matter, they respire; they take in oxygen and liberate carbon 
dioxide. The investigations of Schutzemberger, Grehant and Quin- 
quand ® have shown that they are very eager for oxygen. 

Schutzemberger has stated that fresh yeast put into water well 
aerated at fermentation temperature is obliged to live at the expense 

^ Lindner, P. Non-assimilability of methyl alcohol by microorganisms capable 
of assimilating ethyl alcohol. Zeit. Spiritusind. 35, 185; Chemical Abstracts, 6 
(1912) 1917. 

2 Stockhausen, F. Alcohol assimilation by yeasts. Chem. Ztg, 35, 1197. 
Chem. Absts. 9 (1912) 4106. 

® Lindner, P. and Czier, S. Alcohol a more or less excellent nutrient medium 
for different organisms. Wochenschr. Brau. 29, 1-6; Chem. Absts. II, 476, 6 
(1912), 1916. 

^ Rubner, M. Assimilation of nourishment by the yeast cells. Cent. Bakt. 
Abt. II. 38 (1914), 128. Chem. Absts. 9 (1915), 93. 

® Lindner, P. Results of recent experiments on assimilation by yeasts and 
molds. Zeit. angewandte Chemie, 25, 1175. Chem. Abstracts 7 (1913) 2055. 

® Grehant and Quinquand. Ann. des. Sc. nat. Bot. 1889. 
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of its reserve products, absorbing oxygen and giving off carbon dioxide. 
Yeasts are also able to take oxygen from compounds in which it is 
loosely combined. It is thus, as Schutzemberger and Risler have 
stated, that when fresh yeast is placed in arterial blood or in a solu- 
tion of hemoglobin saturated with oxygen, the color passes from a 
deep red to a bluish black. In this case' the yeasts take their oxygen 
from the blood and act like tissue cells in the animal body. While 
yeasts are able to take oxygen only from such unstable combinations 
as hemoglobin, they are not able to get it from compounds which 
hold it firmly. For instance, they are without action on indigo carmin 
which some bacteria decolorize so strongly. 

The respiratory activity measured by the oxygen consumed in a 
unit time by a unit weight of yeast, varies with the temperature. 
It is very feeble at 10°, increases slowly up to 18°, and attains its 
maximum towards 60°. It falls quickly after the death of the yeast. 
The experiments of Grehant and Quinquand have given the same re- 
sults. They have shown that respiration diminishes a little and re- 
duces itself to a minimum during the anaerobic life of the yeast, 
but never totally disappears. As has been stated before, Grilss re- 
garded glycogen as important in respiration. According to this au- 
thor, glycogen is a reserve product utilized in respiration and fermen- 
tation. It is by means of their oxidases that yeasts oxidize the glucose 
secured by hydrolysis of glycogen, transforming it into carbon dioxide 
and water. 

ALCOHOLIC FERMENTATION 
General Characteristics of Alcoholic Fermentation 
Conditions Necessary for Its Production 

While the molds produce very quickly on the surface of liquids 
a vigorous vegetation, and thus live in contact with air, the greater 
number of the yeasts develop at the bottom of culture media in the 
form of a sediment, and it is only imder exceptional circumstances 
that they develop on the surface in the form of a peUicle often 
called a scum. 

When cultivated in a dish containing sugar solution in a thin 
layer, the supply of air is sufficient to allow a vigorous growth of 
the yeast. Under these circumstances, it decomposes the sugar, 
using part for maintaining protoplasm or constructing new substance, 
and transforming the rest by oxidation to carbon dioxide and water. 
In a word, it is aerobic and acts like other plants. 

The activities are different when it is put into a flask almost 
completely filled with a sugar solution and to which air does not 
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have access. The yeast grows at the bottom of the flask and finds 
a bad supply of oxygen. In this case it uses little sugar for main- 
taining itself and scarcely multipfies; the rest of the sugar is changed 
into alcohol and carbon dioxide by the enz3unes. 

In anaerobic life the yeasts are not able to secure their energy 
by oxidation. Quite another chemical change is involved; this 
is the enzymatic change of sugar into alcohol and carbon dioxide. 
One easily conceives that much less energy is secured by this proc- 
ess than by an oxidation. Much of the energy will be used for 
building up a very small quantity of new protoplasm. The trans- 
formation of sugar into alcohol will be considerable for a minimum 
growth of the yeast. The memorable researches of Pasteur ^ have 
enriched our information with regard to this change. This illus- 
trious savant, by a series of experiments, demonstrated that the 
scarcer the amount of oxygen, the greater was the amount of fermen- 
tation. 

The best means of propagating a yeast under aerobic conditions is, . 
as we have stated above, growing it in a shallow dish with a few 
centimeters of nutrient medium. Under such conditions, Pasteur, 
at the end of 24 hours, has obtained 24 milligrams of yeast cells 
with a consumption of 98 milligrams of sugar. No trace of alcohol 
is found in the medium. At the end of 48 hours, Pasteur obtained 
127 milligrams of yeast cells for 1.04 grams of sugar decomposed. 
The yeast was almost exclusively an agent of oxidation and acted 
like other plants. It consumed a large part of the sugar for its 
maintenance and multiplication and its weight increased in a con- 
siderable proportion. 

It does not act like this when put into a flask to which air does 
not have free access. For 10 grams of sugar decomposed Pasteur 
secured only 0.44 gram of yeast cells. The yeast had scarcely mul- 
tiplied; on the contrary, the proportion of sugar changed to alcohol 
became greater. 

Pasteur has continued his experiments by putting a thin layer 
of liquid into the same flask. This time, the fermentation was longer 
and the weight of the yeast less perceptible; but the same propor- 
tion of alcohol is found as in the alcohol fermentations so-called. 
In this last experiment, the liquid in the flask was aerated, retaining 
a small quantity of oxygen which the yeast utilized at the beginning 
of its development. On the other hand, the yeast may come from 
cultures which are in contact with air; the cells then have been able 

^ Pasteur. M4moire sur la fermentation alcoolique. Ann. de Chim. et do 
phys. 1859. Influence de Toxyg^ne sur le d6v. de la levure et de la ferm. ale. 
Bull. Soc. Chim. 1861. 
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to accumulate sufficient oxygen. Pasteur also repeated the experi- 
ment by eliminating these two sources of oxygen. For this he inoc- 
ulated a trace of the yeast taken at the end of a fermentation and which 
had not been in contact with air, into a flask almost completely filled 
with sugar solution which had been boiled. Under such conditions, 
the fermentation was very slow. Pasteur made it endure three months. 
At the end of this time, 45 grams of sugar had disappeared and only 
0.255 gram of yeast had been formed. The yeast, then, did not 
develop. Thus from these experiments one sees the weight of sugar 
which a unit weight of yeast is able to decompose into alcohol and 
carbonic acid and at the same time diminish the activity of life and 
the power of reproduction. 

All of this demonstrates that fermentation is correlated with 
anaerobic development and that it is more active when oxygen is 
absent. In the presence of air, the yeast functions like a plant. 
It is nourished, respires and multiples. When placed in a reduced 
air supply, it gives up or suppresses almost completely its multi- 
plication. From the alcoholic fermentation, it draws the energy 
which it needs. Then, the scarcer the oxygen, the slower the multi- 
plication. 

The experiments of one of Pasteur^s students, Denys Cochin, 
indicate that fermentation does not take place in the total absence 
of oxygen. The yeasts are not strict anaerobic organisms but are 
intermediate between the aerobes and anaerobes. It is necessary 
for them to always have a little oxygen, and it may be said that every 
yeast that does not receive a minimum supply of oxygen from its 
ancestors or does not find it in the culture medium, will perish. 
Oxygen seems to have a beneficial action on the cellular activity and 
the secretion of enzymes. 

These results have been contradicted to show that fermentation 
though favored by the absence of oxygen, is, moreover, accomplished 
in the scarcity of air (Brefeld, Hansen, Wehmer), but any invali- 
dation of Pasteur’s results seems not to have been produced up to the 
present time. More recently PaUadine and Iraklionoff ^ have shown 
that if a yeast is able to produce small quantities of alcohol, even 
in the presence of air, it may be explained by assuming the presence 
of peroxidases which reduce peroxides, freeing nascent oxygen which 
may be active. 

1 PaUadine, W., and IrakUonofl, P. La peroxydase et les pigments respira- 
toires chez les plantes. Rev. g6n. de Bot. 23. 1911. 
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Prevalence of Alcoholic Fermentation 

The phenomenon of alcoholic fermentation is not limited to the 
yeasts. Many of the molds ^ are also able to ferment the sugars. 
But this fermentation is less active and is more prolonged. Further- 
more, it is only produced under certain conditions. A few examples 
taken from DuClaux will be given. 

Among the molds, it is known that Sterigmatocystis nigra, which is 
exclusively aerobic, never produces alcoholic fermentation. Some of 
the other species, such as Aspergillus glaucus and Penidllium glau- 
cum, are able to cause a slight fermentation. If, for example, some 
of the conidia of Penidllium glaucum are inoculated into a Pasteur 
flask containing a sugar medium, a well-developed mycelium is pro- 
duced on the surface; after a time, the air becomes reduced in con- 
centration and carbon dioxide accumulates with traces of alcohol. 
The amount of alcohol will always remain very small, and wiU scarcely 
pass from 1000th to 1500th of the total volume. Under the same 
conditions, Aspergillus glaucum will produce large amounts of alcohol. 
Pasteur has shown that in a culture of Aspergillus glaucum cultivated 
in 122 c.c. of beer wort for a year, 4.4 c.c. of alcohol were produced 
by a weight of yeast which scarcely surpassed 0.5 gram in the dry 
state. About seven times the weight of the plant in alcohol were 
produced. 

Many other molds possess a fermenting action. Mucor racemosus 
will produce under the same conditions more alcohol than the two 
fungi mentioned above. According to Pasteur, the weight of alcohol 
will be 10 or 20 times the weight of the mycelium. Mucor mucedo, dr-- 
dnelloides and erectus, Amylomyces rouxii and Aspergillus oryzae 
are in the same category. With the molds, however, fermentation 
requires a longer time than the yeasts require to ferment the same 
amount of sugar. 

Comparison of Intramolecular Respiration with 
Alcoholic Fermentation 

As Pasteur has pointed out, alcoholic fermentation is not limited 
to the molds nor to the yeasts, but is carried on in all living cells 
which contain sugar. Indeed, alcoholic fermentation ought to be 
compared to what is called ''intramolecular respiration.'' 

Berard demonstrated, for the first time in 1821, that fruits which 
were exposed to the sun absorbed oxygen and liberated carbon dioxide; 

^ Certain bacteria are also known which produce alcoholic fermentation. 
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in a word, they respired. But if placed in an atmosphere of limited 
oxygen supply, they quickly absorb this and continue to liberate car- 
bon dioxide. Lechartier and Bellamy (1869) established the formation 
of alcohol under these conditions. This phenomenon remained un- 
explained until Pasteur undertook his experiments, when it was 
definitely proven to be an alcoholic fermentation. Pasteur placed 
plums under a flask filled with CO 2 and secured 6 grams of alcohol 
after 8 days. This same experiment was repeated on other tissues 
containing sugar. Muntz has been able to form alcohol by placing 
some of the higher fungi in a sugar solution. Maze, Goldewsky and 
Polszeniuz, and a few other authors, have secured similar results 
with certain plants. Green peas have the property, when placed under 
water away from air, of causing a sugar solution to ferment by simple 
contact, and act exactly as the yeasts except with less activity. 

It seems, then, as if all cells which contain sugar are able, in 
the absence of oxygen, to function as yeast cells and produce alco- 
holic fermentation. We shall see that the yeasts, themselves, during 
inanition are able to produce a fermentation of their reserve glycogen, 
thus causing a sort of autofermentation. 

“ The alcoholic fermentation is not a characteristic inherent alone 
in the yeast cell nor a necessary manifestation for its existence. It 
is a characteristic variable with the conditions, but rather general. 
The yeasts differ from other plants only in the characteristic that 
they are able to adapt themselves better to anaerobic life and thus 
show this new phenomenon which is of so much industrial impor- 
tance.'^ 

Differences in the Fermenting Fimction in Different Yeasts 

If alcoholic fermentation is not a function special to the yeasts, 
one must not regard it as a specific characteristic. Many of the 
yeasts are not able to produce alcoholic fermentation but act only 
as oxidizing agents, as aerobes. Such are all of the Mycoderma and 
even the true yeasts producing endospores, as Pichia hyalospora. 
These form a luxuriant veil at the beginning of their development on 
carbohydrate media, which covers the surface of the hquid; they live 
then in contact with oxygen, consuming this gas and liberating carbon 
dioxide. Many of the Torula, although vegetating at the bottom of 
liquids, are also in the same class. Some of the other yeasts act like 
molds which we have just discussed. They live by preference in con- 
tact with air and possess only mediocre fermenting capacity. For 
example, the Willia and Pichia and the myco-yeast of Duclaux are 
such. 

This yeast develops on liquid media with a typical veil or scum 
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which is folded in limited space and may become rather tliick. In 
such a form the myco-yeast is a strong oxidizing agent and acts lik(‘ 
an aerobic mold. It does not produce alcohol. If the veil or pellicle 
is transferred to a flask filled to the neck with a carboliydrat(i mcv 
dium, an alcoholic fermentation results. From this moment, the 
myco-yeast acts like a yeast enzyme; its development is slow and 
almost the same weight is maintained which it had at the beginning. 
This yeast does not produce as much alcohol as ordinary yc^asts. 
It never exceeds 3 per cent. Monilia Candida j a fungus, internuKliate 
between the yeasts and molds, acts in the same way. It produces 
a veil on the surface of the medium and grows aerobically; at the 
bottom of the flask it may appear as a deposit which d(H^ompos(^s 
the sugar. Hansen found that it yielded 1.1 per cent of alcohol in 
the time interval in which S. ceremsiae would yield 6 pen* cent. 

Excepting these species, most yeasts, especially the industrial 
yeasts, are very energetic agents in alcoholic fermentation. These 
are distinguished from the myco-yeast and Monilia Candida by the 
fact that they vegetate almost solely at the bottom of th(^ (ailture 
flasks and form no veil at the surface. They almost^ always grow 
under conditions of restricted aeration and poBS(‘Hs tlu': ability t.o 
adapt themselves to anaerobic life which distinguislu^s them from 
other plants. These yeasts may then be regarded as tru(^ ag(mts of 
alcoholic fermentation. We have stated above that tlu^ indust.rial 
yeasts may form about six times as much alcohol as tlu^ int.cn-nuHliate 
forms. 

Fermentable Sugars 

It is to the renowned researches of Fischer and Thic'.rfelder t.hat 
we owe our knowledge with regard to the laws which govern thc^, fer- 
mentation of sugars. We have said a little about this, l)ut it is of 
sufficient importance to receive more extended treatment. 

From the investigations of these authors, it has been (istablishc'd 
that only those sugars are fermentable, in which the carbon atoms 
are in multiples of three. The series begins with glycerol (Q^lhOu), 
the tetroses not being fermentable, neither the pentoses. Finally conn^ 
the hexoses which are very fermentable. These^ are made up of tho 
dextroses, levuloses, fructoses, galactoses and mannoses. There is 
also a fermentable nonose (CgHisOg); it is mannonose which is fer- 
mented by yeasts as easily as is glucose. After these come the 
bisaccharides (C12H22O11) and the trisaccharides, melitrioses, or raf- 
finoses; the melitrioses have the formula (Ci8H32()i6). Th(^ rule 
then seems to be general. There seem, however, to be certain excep- 
tions. • Thus it is that the fermentation of glycerose, always feeble, 
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has been contested by Emmerling. On the other hand, Saccharomyces 
thermantitonum ferments the pentoses (arabinose and xylose) and it 
seems to be true with S. Ludwigii according to Lindner. This author 
found that this yeast would ferment sorbose and tagatose and that 
Sch, octosporus would ferment xylose. 

We have seen that yeasts are not able to ferment polysaccharides, 
but they are broken up by hydrolysis under the action of a special 
enzyme in each case. It is thus that starch is transformed by amylase 
to maltose, by maltase to glucose, saccharose into glucose and levu- 
lose by invertase, trehalose into glucose, and lactose into glucose 
and galactose, etc. Thus the sugars which have a more complicated 
structure are split into Ce sugars by enzymes and these in their turn 
are decomposed into alcohol and carbon dioxide. Alcoholic fermenta- 
tion offers, then, one of the best examples of molecular simplification 
which the enzymes are able to accomplish, and suggests the important 
role which these bodies play in cellular life. We have stated before 
that the a-methylglucosides and the /3-methylglucosides are ferment- 
able by certain yeasts after having been decomposed by maltase and 
methylglucosases. 

It has also been established from the work of Thierfelder and 
Fischer that the sugars with Ce, C12 and Cis atoms are not ferment- 
able to the same degree. Thus trehalose ferments more slowly and 
only by certain yeasts. Lactose is fermented only by a small number 
of yeasts. 

The same thing is true with regard to the hexoses which are also 
not fermentable to the same degree. Among the ketohexoses, for ex- 
ample, levulose and d-fructose are alone fermentable, and among 
the d-glucoses only the d-glucose (grape sugar), d-mannose and d- 
galactose are fermentable. 

According to Thierfelder and Fischer, a relation exists between 
the fermentability and the structure of the molecule. In other words, 
the enzymes have a direct relation to the stereochemic constitution 
of the molecule. This relation has been compared to that relation 
which exists between a key and its lock. The aldohexoses ^ suggest a 
very important example of this relation. Of the nine known aldo- 
hexoses, there are fermentable, as we have seen, only d-glucose, d- 
mannose and d-galactose with the last possessing much less fermenting 
possibilities than the other two. The chemical formulae of the aldo- 
hexoses are the same and differ only in their molecular grouping. 
Some of these will be given. 

^ The term aldohexoses refers to the hexoses which have an aldehyde group 
CHO, while the term ketohexoses refers to those which possess the keton group 
C= 0 . 
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This indicates the differences, although very slight, in the molec- 
ular arrangement of the molecules which has much effect on enzyme 
action. It is thus that d-glucose and 1-glucose differ from one another 
only by the inverse position of their molecules. The stereochemical 
formula of one represents the image of the other as seen in a mirror. 
This structure is sufficient, however, to render d-glucose fermentable 
and to repress the fermentability of 1-glucose. The differences between 
the grouping of d-galactose and d-talose are very slight. So slight are 
they that d-galactose is fermentable and d-talose is not. 

Among the ketohexoses only d-fructose and levulose are ferment- 
able.^ 

It is proper to add that the yeasts have a r61e in the fermentabil- 
ity of the hexoses. A true electivity has been established for certain 
sugars. Dubrunfaut has shown that, in a mixture of yeasts, one yeast 
wiU attack one hexose while another will decompose another hexose. 


Formula of Alcoholic Fermentation and Secondary Products 

Alcoholic fermentation consists in the transformation of sugars 
into carbon dioxide and ethyl alcohol. This change is accompanied 
by a liberation of heat, known for a long time in the fermentation of 
grape juice, and observed by Buchner in the fermentation induced 
by yeast juice. Bouffard has estabhshed a hberation of 20 to 23 
calories for each 180 grams of sugar destroyed. A. Brown has ob- 
tained 21.4 calories. 

Gay-Lussac has represented the alcoholic fermentation by the 
following simple equation 

CeHisOe = 2C2H6O -h 2CO2 

This equation does not take into consideration the heat exchange, 
for it is very difficult to express by such a simple formula a phenome- 
non of such complexity. It merely gives a general idea with regard 
to the change, but does not take into consideration the secondary 
products which are formed during the fermentation. Pasteur has 

^ Fischer, E. and Thierfelder, H. Berichte, 27, 1894. 
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shown that alcohol, carbon dioxide, glycerol, and succinic acid are 
all formed at the same time; however, these products are always in 
small quantities. According to this savant, 105.65 grams of glucose 


yielded the following: 

Ethyl alcohol 51.11 

Carbon dioxide 49.42 

Succinic acid 0.673 

Glycerol 3.40 


Among the products of fermentation may be found such secondary 
products as fatty acids, volatile acids, ethyl aldehyde, acetic acid, 
higher alcohols, ethers, and tyrosine and leucine. Some result from 
the decomposition of sugars while others are products of excretion 
from the cell. Glycerol seems to belong to the first category. The 
volatile acids are probably connected with the nitrogenous metabo- 
lism (Duclaux, Kruis) . According to Ehrlich, it seems to be the same 
with succinic acid and the higher alcohols. It has been established 
by Ehrlich that leucine and isoleucine are assimilated by yeasts 
with the fixation of a molecule of water; they are decomposed into 
amyl and isoamyl alcohols by the hberation of ammonia which serves 
the metabolism of the yeasts. The ethers result from the action of 
acids formed by the action of air or other organisms with ethyl 
alcohol. As to the presence of aldehydes established by many investi- 
gators (Roux and Linossier, Duclaux, Roeser), they seem to result 
from the oxidation of alcohol by air or by the action of the yeasts. 
The observations of Trillat and Sauton, including those of Kayser and 
Demolom, have shown that wine yeast agitated in the presence of air 
caused a change of a part of the alcohol into aldehydes, ethyl and 
acetic. The acetic aldehyde is finally oxidized to acetic acid. It then 
seems as if the yeasts are able to use alcohol which results from 
fermentation and oxidize it to the aldehyde. 

Character and Properties of Buchner’s Zymase 

What is the mechanism by which fermentation is accomplished? 
In 1858, Berthelot was the first to demonstrate that fermentation 
was brought about by enzymes secreted by yeasts. Bernard toward 
1860 objected to this view. Pasteur and Denys Cochin had tried to 
isolate this enzyme from yeast but their efforts were in vain. Pas- 
teur without' discarding the possibility of an enzyme action thought 
more and more that fermentation was a vital act of the yeast cell 
itself. 

It is known that the future has borne out Berthelot’s contentions. 
Buchner, in 1897, succeeded in extracting the zymase from the yeast 
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cell. This discovery demonstrated that fermentation is able to be pro- 
duced without the life of the yeast. This made it possible to abandon 
the vitalistic conception of alcohohc fermentation. 

We have seen at the beginning of this chapter how Buchner ex- 
tracted his yeast juice. It is definitely settled today that the juice 
contains a zymase and that its action is not due to particles of pro- 
toplasm as certain investigators believed in the beginning; when 
placed in contact with sugar it acts exactly like an enzyme. 

It is not altered and continues to act in the presence of anti- 
septics (toluol and chloroform). On the other hand its efficiency is 
not entirely destroyed on filtration through a Chamberland bougie. 
Finally, Payen and Persoon have shown that yeast juice precipitated 
with alcohol gives a powder insoluble in water which possesses all 
of the properties of the juice. In order to secure this powder, the 
juice is precipitated by 12 times as much alcohol as there is juice. A 
mixture of 800 parts of alcohol and 400 parts of ether may also be 
used. The precipitate is filtered rapidly, washed with ether, and 
dried over sulfuric acid in a vacuum. 

. The investigations of Albert ^ and those of Rapp have discovered 
another method of securing alcohohc fermentation away from the liv- 
ing cell. These investigators have fixed the zymase in the cell by 
acetone which killed the cell, without altering the enzymes. The 
method consists of treating the yeast with from 10 to 20 times its 
volume of alcohol ether or acetone. All of the cells are killed. The 
yeast at first is rid of its water, is placed on a filter paper, washed 
with ether, and dried at 45°. A white powder is thus obtained made 
up of dead cells which has been called zymine or durable yeast 
(Dauerhefe), The cells which constitute this powder are endowed 
with the fermenting property like living yeasts and when they are 
put into a sugar solution, they induce fermentation immediately. 
When this powder is extracted by the method of Buchner, the juice 
thus secured possesses the same action as the living cells. 

More recently Lebedeff ^ has obtained a very active zymase by the 
maceration of the yeast in water. For this, it is sufficient to mac- 
erate 2.5 to 3 parts of water with 1 part of yeast over a period of 
time. This is finally filtered through filter paper and a juice collected 
which is very clear and whose activity excels that secured by any of 
the other methods. 

The quantity of zymase in living yeasts is variable. It is curious 

1 Albert, K. Herstellung von Dauerhefe mittels Aceton. Ber. d. chem. 
Ges. 31. 

^ Lebedeff, A. Extraction de la zymase par simple maceration. Comp. 
Rend. Ac, des Sciences, 152, 1911. 
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to note that the quantity of zymase in pressed yeast increases con- 
siderably when the yeast is kept at low temperatures and that it 
diminishes in yeast during; the course of fermentation. The investi- 
gations of Haydruck and Delbriick have shown that yeasts cultivated 
in a solution of sugars and mineral salts and removed at the moment 
when fermentation is most active, does not contain much zymase. If, 
on the contrary, a yeast is taken from a vigorous fermentation, 
washed, and kept at a low temperature, the zymase content incrc^asc^s 
rapidly. (Delbriick, Buchner, and Spitta.) All this seems to be ex- 
plained by the fact that endotryptase and lipase find themselves 
affected by the low temperature and do not act on the zymase which 
they destroy under other conditions. 

In the refrigerator zymase is kept with difficulty and soon loses 
its activity at the end of one or two days whe^n placcnl at ordinary 
temperatures. At low tc^mpe^ratures, it is dtistroyed by dtigrees. 
This destruction was at first explained by thinking that zymase was 
easily oxidized by air. The inv(‘stigationH of Buchner and Antoni ^ 
have, on the contrary, indicatcHl that oxygem has no action on zymase 
either during periods of its (jonscsrvation or active fcirmentation, 
as they determined it. Its alteration arises from the endotryptase 
which is associated with it and perhaps to the lipase which one also 
finds in the juice. The work of CJromow and CSrigoriew indicates that 
endotryptase attacks and digests it. On the oth(T hand, the resulte 
secured by Harden, Biudmc^r, Wroblewsky s(H>m to indicate that lipase 
acts on the coferment. One is able, however, to kecip yejist juice in 
all its activity by drying it in a vacuum at 35"^ C, The juice is then 
changed to a yellow which may be kept for a long time unaltered (10 
or 12 months). Zymase also retains its activity for a long time if 
preserved in a 15 pc^r cent solution of saccharose, this concentration 
acting on the endotryptase. 

The investigations of the two English investigators, Harden and 
Young, have widened the horizon of our knowkxlge with regard to 
the constitution of zymase. They have shown that when yemt juice 
is introduced into a dialyzing apparatus, it may be divided into two 
parts, a non-dialyzable residue and a liquid which does dialyze. The 
residue is without fermenting activity and has been given the 
name of 'inactive residue.” The dialyzable liquid, which is without 
action on sugar, has been regarded as a cofermenL Femientation is 
only produced when the two parts are reunited. The inactive resi- 
due may also be regenerated by adding yeast juice which has been 
submitted to boiling, which indicates that the coferment is able to rc- 

^ Buchner, E. and Antoni, W. Weitere Versuche aber die zellfreie Gllrung. 
Zeit. phys. Chem. 44, 1905. 



92 


PHYSIOLOGY OF YEASTS 


sist boiling temperatures. The investigations of Buchner/ Hoffman, 
Duchacek,^ Klatte,^ Hoehn ^ and Resenbeck have confirmed the exist- 
ence of a coferment. In adding this yeast juice to a double vol- 
ume of boiled juice these investigators have noticed an increase in the 
activity, almost proportional to the amount of boiled juice added. 
On the other hand the addition of inactive boiled juice to the yeast 
juice, which had become inactive, restored the fermenting activity. 
This demonstrated that in old juice there is active jzymase but that 
it lacks a coferment. This coferment seems, then, to disappear during 
fermentation before the zymase. Gromow and Grigoriew have also 
reported that if fresh zymase is added to a zymase which is becoming 
inactive, more fermentation is secured than if the fresh zymase was 
used alone. The old zymase has ceased to act on acccount of the al- 
teration of its coferment and the addition of the fresh zymase regen- 
erates it. 

From all of this has been estabhshed that zymase may result from 
a mixture of two substances: a dialyzable body which resists boiling, 
the coferment, and a substance little or not dialyzable, which does 
not resist boiling. It is only by the union of the two bodies that 
fermentation takes place. 

The investigations of Wroblewsky, Buchner, Harden and Young 
have permitted some explanations of the nature of the coferment. 
These authors have stated that the addition of phosphate salts of 
sodium or potassium will, hke the ferment, produce an accelera- 
tion in fermentation. The addition of serum or lecithin produces 
the same effect. The coferment loses its activity by heating for 4 
hours in water at 130° C. It is not attacked by trypsin but is destroyed 
by the lipase which exists in the yeast juice. The action of this lip- 
ase in the yeast juice seems then to be, with the endotryptase, the 
principal cause of the rapid loss of zymase activity. The lipase 
acts on the coferment and the endotryptase on the zymase. The 
coferment is present in lesser quantities than the zymase. It is able 
to be kept in sugar. This represses the action of proteolytic enzymes 
and perhaps the lipase. In this way, the. action of these strong sugar 
solutions may be explained. Later on all these facts will be of much 
interest in the discussion of the mechanism of the alcohohc fermen- 
tation. • 

^ Buchner, E. and Duchacek, E. IJeber fraktionierte Fallung des Hefe- 
pressaftes. Biochem. Zeitschr. 15, 1909. 

2 Buchner, E. and Klatte, F. Ueber das Koenzym in Hefepressaft. Biochem. 
Zeitschr. 19, 1909. 

^ Buchner, E. and Hoehn, H. Ueber das Spiel der Enzyme in Hefepressaft. 
Biochem. Zeitschr. 19, 1909. 
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The investigations of Buchner and his collaborators have revealed 
the presence of a substance in boiled juice which protected the zymase 
from the action of the endotryptase. This has received the name an- 
tiprotease. This enzyme protects gelatin and milk, also, from the 
action of the endotryptase in yeast juice. It prevents the liquefac- 
tion of milk and the peptonization of gelatin. 

The existence of this antiprotease pennits an explanation of how 
the fermenting action is preserved for many days when boiled juice is 
added to fresh juice; otherwise it would disappear rapidly. In the 
yeast juice, without the addition of thel)oiled juice, an almost complete 
disappearance of protein subs1anc(‘a was noticed after 7 days. Whem 
boiled juice is added no precipitation of protein occurs. The addi- 
tion of the boiled juice secerns, tluui, to protcHit the fr(\sh juice for a 
period of time against the proteolytic aedion of tlu^ (uidot ryptase. 
The experimenta of Buchniu' indicate that it will prot(‘ct. also from th(i 
action of pepsin and trypsin. This proves, them, that zymase^, is a 
protein substance, (-areful experiments hav(^ indicatc'd that it is 
possible to destroy the coferment of hoiked jui(^(^ without- (h'stroying 
the antiprotease. This may be accomplisluHl by luxating it, for wweral 
hours. The juice t-hus treated still exerts a i)r()t(Hdiv('! aedion towards 
gelatin and yeast juice. It contains, tluai, an antipr<)t(^as(\ On the 
contrary, this juice is not capable of regeruu’ating tlu^, preserved yeiist 
juice because it contains no coenzyme. The ant-iprot-ease is, then, dis- 
tinct from the cocaizyme. It do(*s, liowever, hav<^ some liktaieBses 
to the latter; it iKS d(^stroyed by lipas(* and seems to be a saponifiable 
ether of phosphoric acid. The antiprotease sc'ems to play an impor- 
tant r61c in the life of the yeast and n^gulates its digestive functions 
(especially autolysis). 

Zymase acts best in an alkalin medium. The addition of sodium 
carbonate and phosphate exerts a favorable action. It is destroyed l>y 
heating to 55°; in the dry condition, if dcisiccation has been carried 
out in vacuo at 40°, it is able to resist 140°. Temperature exerts a 
decided influence on the activity of zymase l)ecause the action of endo- 
tryptase and lipase on it is much altered with the temperature. That 
temperature at which zymase exerts the greatc^st fermenting action is 
about 14°. The optimum temperature seems to b(^ higher; l)ut mdo- 
tryptase will attack zymase when the temperature is even higher. 

Concentration plays a r61e in the activity of zymase. Fermenta- 
tion increases with the concentration of the sugar; this explains the 
relation of concentrated sugar solutions (15 per cent) to the suppres- 
sion of endotryptic action. The optimum concentration of sugar 
seems to be about 25 per cent. 

The yeast juice contains, as we have said, hydrolytic enzymes for 
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carbohydrates (maltase, invertase). The hexoses are fermented im- 
mediately and the fermentable C 12 and Cis sugars are transformed to 
hexoses by means of these enzymes. It contains also a glycogenase 
which allows it to induce the fermentation. of glycogen upon which the 
living yeast has no action; the glycogenase is diffusible while the 
glycogen is not. 

On the contrary, the ordinary juice does not act on lactose, but 
Buchner and Meisenheimer have been able to isolate from lactose- 
fermenting yeasts a lactase. 

One is easily able to secure, by mixing some of Buchner^s yeast 
juice with a solution of glucose, a fermentation which will start at 
the end of six minutes: 20 c.c. of yeast juice, with 8 grams of saccha- 
rose in the presence of 0.2 c.c. of toluol will yield after 96 hours 
from 0.7 to 1.87 grams of carbon dioxide. If these results are com- 
pared with those obtained with living yeast, the fermenting power of 
the juice seems feeble, for 1 gram of living yeast will produce from 
an 8 per cent solution of sugar at 40° in about 6 hours, 1.5 grams of 
CO 2 . Zymase is not extracted in a pure state and it must be admitted 
that it makes up only a feeble part of the juice. However, in the 
fermentation with the living yeast, new zymase is formed constantly. 

Among the secondary products, glycerol (3 to 8 per cent), traces 
of acetic acid and amyl alcohol, have been noticed. Lactic acid is 
often found but it may disappear and may be transitory. Further on, 
we shall see the significance of the formation of this lactic acid. 


Mode of Action of Zymase 

For a long time the following formula has expressed alcoholic fer- 
mentation 

C6H12O6 = 2(C2H50H) + 2CO2. 

This equation has only general value. Among the two products ex- 
pressed, there are many intermediate products. The determination of 
these has demanded the sagacity of the biochemists. It might be 
advisable to give some of the principal results which have been ob- 
tained. 

After the work on oxidases and hydrogenases of yeasts Griiss ^ 
has put out a theory to explain the mechanism of alcoholic fermen- 
tation which is very interesting. This author regards glycogen as an 
intermediate product between fermentation and respiration. The 
polysaccharides will be decomposed into glucose by means of the 
hydrolytic enzymes (sucrase and maltase) ; this will be split into two 
1 Griiss, J. Zeitschr, f. ges. Brau. 27, 1904. 
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groups by the action of the zymase CH OR, These groups combine 

COH 

with the protoplasm. The protoplasm will secrete glycogen which 
will finally be hydrolyzed into glucose by the glycogenase. Two con- 
ditions are then possil)lc: when y(‘ast is in the presence of air and 
when it does not have air at its disi)osition. 

In the first case, under tlu^ inflmnuH^ of oxygenase, put in evidence 
by Grliss, the molecuU'-s of gluc.ost^ ar(^ d(HU)mpos(Hi into the above 
grouping which are oxidizcul by lh(^ oxyg(‘n lil)erated by oxygenase 
and thus changed into carbon dioxide^ and water. The reaction may 
be expressed by the following (‘(luation: 

CH.>()H--CII()H-(X)H + GO « 3 CO, + SH^O. 

This is ordinary aca'obic reHj)iration. 

In the second cas(^, the (aizynu^. wlu{;h we have com(^ 1,0 know under 
the name of hydrogenase acts on th(^ products of decomposition from 
glucose. Owing to the intervention of watia*, (X)2 will b(^ formed in 
a first phase with a lil)eration of hydrogen. In the second idmse theses 
hydrogen atoms will be uschI to unite with the rest of the glucoses 
rnolecuk^. 

PhaL' ('HiOH-CHOII-COH + ^IT.O - SCOj + 1211. 

Plmo ^ 2(C1II20II-(;H0II-C0H) + 12H - SaHoOII + 3H,0. 

This theory of GriisH, in spite of its complexity, has the advan- 
tage of (ixplaining the r 61 e of oxygenase and hydrogenase. 

■ Another theory has bexm expounded by Wohl. It has been stated 
that small (piantiticis of lactic acid are often found among the prod- 
ucts of alc.oholic h'rnuaitation. Some, csptKually Buchner and Mci- 
senheimer, have nigardcd this acid as interm(idiary in the mechanism 
of the decomposition of glucose into alcohol and carbon dioxide. This 
may be regarded as taking place in two phases. In the first phase, 
the zymase transforms the glucose into lactic acid, and in the second, 
another enzyme, the lactacidase, decomposes the lactic acid into al- 
cohol and carbon dioxide. However, Buchner and Meisenheimer have 
not succeeded in transforming lactic acid into alcohol and CO2 by yeast. 
This theory has been attacked by Slator, and Buchner himself has 
given it up. It may be regarded as of classic interest only. 

One is not able to give up entirely the idea that a large molecule 
like glucose is not able to be split immediately into small fragments. 
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It ought to have intermediary products. Quite recently, Wohl and 
also Buchner/ Boyen-Jensen, and Fernbach^ have admitted that this 
intermediate product may be dioxyacetone with the formula CH 2 OH- 
CO-CH 2 OH. 

This compound, under certain rare conditions, is able to yield lac- 
tic acid. But, more often, this dioxyacetone will give alcohol and 
carbon dioxide directly. Alcoholic fermentation then acts in two 
phases: in the first, the glucose is transformed into dioxyacetone, and 
in the second phase, a dioxyacetonase will change the dioxyacetone 
into alcohol and carbon dioxide. Zymase will then in reality be made 
up of two enzymes acting successively. 

Buchner and Meisenheimer have been able to obtain fermentation 
of dioxyacetone (2 per cent solution) by yeast juice. Lebedeff ^ quite 
recently obtained good results when making yeast juice ferment a 
5 per cent solution of dioxyacetone. All of these facts are very in- 
teresting, but it still remains true that the demonstration of the 
formation of dioxyacetone during fermentation has not been accom- 
plished. Its existence is, then, purely theoretical. We have cited the 
work of Harden ^ and Young, who have demonstrated that zymase is 
composed of two elements, one a dialyzable and thermostabile, the 
other not dialyzable and destroyed at 100° C. This last does not 
possess any fermenting function. If one adds to it the coenzyme, fer- 
mentation will result immediately. 

But another agent has been found which will activate yeast juice 
which has no or little activity; it is the phosphates of either sodium 
or potassium. If a little soluble phosphate is added to yeast juice 
a brisk liberation of CO 2 results. This exists for a time proportional 
to the quantity of phosphate added, then it slows up and fermenta- 
tion goes on as before. If phosphate is added again the phenomenon 
is repeated. One is thus -able to reproduce it a number of times. The 
addition of phosphates then has the same effect as the addition of 
a coenzyme or the boiled inactive juice alone. 

Such are the facts which the investigations of Harden and Young 
and Lebedeff have established. An ingenious conception of the 
mechanism of alcoholic fermentation has thus been formed. 

^ Buchner, E. La fermentation alcoolique des sucres. Bev. g. des Sciences, 
21, 1910. 

^ Fembach, A. Sur la degradation des hydrates de carbonne. C. B. Acad, 
des Sciences, 150, 1910. 

^ Lebedeff, A. Sur le m^canisme de la fermentation alcooHque. Comp. 
Bendu Acad. Sciences, 153, 1911; TJeber Hexosphosphorsauerester. Biochem. 
Zeitschr. 27, 1910. 

^ Harden, A. ^ Becherches r6centes sur la fermentation alcoolique. Ann. 
de la Brasserie et de la Distillerie, 14th Year, 1911. 
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The phosphate added (niters into a eornhination witli the glucose. 
What demonstrates tiiis is the faet tiiat the phosphate is not able to 
be obtained again by the usual magnc'sium salt. Hai'ck'n and Young 
have thought that the phosiihate imit('d to two half nioleeules of the 
hexose. The remaining half niolecuk's, with three atoms of carbon, 
gave alcohol and carbon dioxide. The combination of hexose-phos- 
phate is transfornunl by an enzyme hcxonc-phatiphnUine which re-forms 
a new combination with two remnants of the h('xos('s. The phos- 
phate, then, follows a cycle and it is the (|uickiu>.ss with which the 
phosphate traverses this cycle that d(‘f ermines the speed of humenta- 
tion. 

Lebcdeff has produced an important contribution in ndation to 
this conception. He lias Ix'en able to prc'iuire the osazoiu's, phenyl- 
and brornophenylhydrazones of this h('xos('-phosphate. He has iso- 
lated and analyzed the calcium salt. The following formula is given 
to this body (l8Hi(i04(Il3P()4).i, n'sulfing from the coiukuisation of two 
molecules of (hHt.(hIkiP() 4 . 

Young developed the following formula with either an aldehyde 
or ketone group free to form hydrazomw: 

(^HO 

(’H-P()4lE 

((TH-OH), 

c;h-po4IH 

According to Loliedeff alcoholic hirmcuitation takes place accord- 
ing to the following (xpiations: 

1. CeHisOa = 2 (CsHnOa). 

2. 2 (CaHeOs) + 2 RHP()4 = 2 (DiHsOaRPO.) + 2 H..(). 

3. 2 (C,H502RP()4) = ('.«H,«()4(RP04)2. 

4. C 6 Hjo 04 (RP 04)2 + H 2 O - ChHdOH + CO 2 + (l.,H6<h + 2 (RHPO 4 ) 

or even 

5. C 6 H,o 04 (RP 04 )* + 2 H 2 O - 2 (QiHsOH) -b 2 CO 2 + 2 (RHPO 4 ). 

This scheme involves the following: 

Decomposition of the hexose; into 2 molecules of triosc (dioxy- 
acetone). 

Union of one molecule of the triosc with 1 molecule of phosphate; 
a phosphoric ether results. 

Condensation of two molecules of this phosphoric ether with one 
molecule of hexose-phosphatc. 

Decomposition of this hexosc-phosphate into phosphate, alcohol 
and carbon dioxide. 
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This question, as we have seen, is extremely complex; the question 
is being studied but instead of becoming simpler becomes more com- 
plicated. 

Lebedew ^ has later restated his idea of the mechanism of alco- 
hohc fermentation as follows: 

4 CeHisOe - 8 CsHeOs. 


Glyceraldehyde 
4 CaHeOs - 4 H2 = 4 C3H4O3. 

4 C3H4O3 = 4 C2H4O + 4 CO2. 

4 C2H4O + 4 H2 = 4 C2H5-OH. 

Dioxyacetone 

4 CaHfiOa + 4 RHPO4 = 4 C3H5O2RPO4 + 4 H2O. 

4 C3H5O2RPO4 = 2 C6 Hio 04(RP04)2. 

2 C6 Hio 04(RP04)2 + 4 H2O = 2 ^ C6H12O6 + 4 RHPO4. 

2 C6H12O6 = 4 CsHeOs, etc. 

Neuberg ^ has studied the possibilities of intermediate compounds 
in alcoholic fermentation. He believes that the CO2 which appears 
in alcoholic fermentation is split off from (CH3CO.COOH) pyruvic 
acid. He found that it took from 2-8 seconds for CO2 to be formed in 
yeast maceration -{- CH3CO.COOH while it took from 2-3 hours for 
it to be formed from yeast + glucose. Neuberg and his coworkers 
also used oxalacetic acid and found that yeast would change this to 
two molecules of COo and one molecule of CH3CHO. Hydroxypyruvic 
acid yielded CO2 and glycoaldehyde, a ketobutyric acid yielded pro- 
pionaldehyde and CO2 along with some propyl alcohol. They find 
that the cleavage of pyruvic acid takes place 2000 times more rapidly 
than the complete fermentation of sugar. Neuberg and Kut then 
argue that two processes are involved in alcoholic fermentation. 
First, one class of enzymes hydrolyzes the Ce molecule into C3 chains. 
Secondly, another class of enz3nnes (carboxylase) breaks the C3 chains 
up into C2 and Ci compounds. In further researches Neuberg has 
shown that yeasts possess an enzyme which decomposes pyruvic acid 
into acetaldehyde and CO2. Acetaldehyde is readily reduced during 
fermentation to ethyl alcohol. From this it seems probable that 
aldehyde is an intermediate compound in fermentation. Neuberg 
and Reinfurth showed that if fermentation was carried out in the 
presence of Na2S03 considerable amounts of aldehyde could be ob- 

^ Lebedew, A. and GriaznofP, N. Ueber den Mechanismus der alkoholischen 
Giving. 11. Chem. Bericbte, 45 (1912), 3256-3272. 

2 See bibliographical index for complete list of Neuberg’ s publications on 
sugar-free fermentations. 
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tained. The reactions illustrating the cleavage of glucose according 
to Neuberg’s theory may be written as follows according to Euler 
and Lindner: 

CeHisOe - 2 H2O = C6H8O4 (Methylglyoxal-aldol) 

CbHsO^ = 2 CH.>:C(OH).COH or 2 CH3.CO.COH (Methyl- 
glyoxal) 

CH2: C(OH).COH + H2O H2 CH2OH-CHOH-CH2OH 
+ I = Glycerol 

CH2: C(OH).COH O CH2: (x6h).cooh 

Lactic acid 

CH3.C0.(X)0H = CO2 + CH3.COH (Acetaldehyde) 

CH3.CO.COH O CH3,C0.C00H (Lactic acid) 

+ 1 - 

CH3.(X)H Hi CH3.CH2OH (Ethyl alcohol) 

Neuberg ^ has produced more evidence to support his aldehyde 
theory of fernuaitation. By adding sodium sulfite, aldehyde and glyc- 
erol were the chief t)roduet.s. 

Lob has given tlu^ chemistry of alcoholic h^nm^ntation comprehen- 
sive study. He has produci'd much (wi<Uau!(‘. on th(‘ fact, that aldehyde 
is the important intc^rnuKliate compound. H(^ argues that t.he sugars 
tend to cleave into the same substances from which they may be built 
up. That aldehydes arc intermediate in alcoholic fermentation has been 
stat(Hi by many, but few have goiu^ far enough to produce cither 
plausible (widencH^ or (experimental data to support their claims. 

Kusserow ^ proposcxl that glucose was first reduced to sorbitol and 
this fermentcid. 

General Theories of Alcoholic Fermentation 

Alcoholic fermentation sc'cms to have for its purpose the libera- 
tion of the eru^rgy necessary in the life of the yeast when it finds 
itself dc^prived of air under conditions in which respiration is not pos- 
sible. This theory has not been accepted by all and it might be 
well to mention some of the different theories which have been put 
forth to explain this phenomenon. 

Pasteur’s Theory 

Pasteur was the first to think that yeasts, when growing away 
from air, might seek the oxygen, which they needed, in the com- 

^ Neuberg, C., and Ileinfurth, E. Natural and forced glycerol formation in 
alcoholic f(‘rmentation. Biocihern. Zeit. 92, 234-66, 1918. Chern. Absts. 13 
(1919), 2046. 

2 Lob, W. Bi^e bibliographical index. 

^ Kusserow, li. Eine neue Thcorie der alkoholischen Gi.rung. Gent. Bakt. 
Abt. IL, 26 (1910), 184-187. 
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pounds which were accessible to them. By decomposing these, they 
are able to get this oxygen. Alcoholic fermentation would then be a 
method for resisting suffocation. The yeast, not finding oxygen avail- 
able and not being able to hve without this element, will be obliged 
to take it from some of its combinations in sugar which they find in 
the medium. 

The same thing takes place in other living beings. The yeasts 
possess, then, the property in common with other organisms, but they 
are better adapted than the others to produce fermentation and thus 
resist suffocation. 

In short, states Pasteur, nearly all known beings without excep- 
tion are only able to respire and sustain themselves by assimilating 
free gaseous oxgyen; there is a class, however, in which respiration 
will be quite active in order that they may li^e away from air by tak- 
ing their oxygen from certain combinations, from which results a slow 
and progressive decomposition. This last class of organized beings 
will be made up of the ferments entirely similar to the beings of the 
first class, living with them, assimilating carbon, nitrogen and phos- 
phates, having like them a need for oxygen, but differing from them in 
that they are able to respire with oxygen taken* from compounds, 
when free oxygen is not available. 

Pasteur's theory has precipitated numerous objections among 
which is this, that the classic formula of Gay-Lussac accepted by 
Pasteur does not leave a place for the setting free of oxygen. 

This theory of Pasteur's has been modified. Alcoholic fermenta- 
tion has always been considered as a phenomenon of resistance to 
suffocation and that it has for its purpose the securing of energy 
for the life of the yeast. The fermentation will be, then, from the 
viewpoint of energy, the equivalent of respiration. The yeast, during 
fermentation, continues to develop, making new tissue and retaining 
its usual functions. The yeast carries on a slow deliberate decomposi- 
tion in quest of its energy and it is alcoholic fermentation which fur- 
nishes it. The yeasts are constructed to live in contact with or away 
from air. In the first case, they burn carbohydrates; in the other, 
they cause a breaking up or shifting of parts of a complex molecule. 
But the sources of cellular life are the same in each case. 

Theory of Wortmann and Delbriick 

Wortmann and later Delbriick have regarded alcoholic fermenta- 
tion as a phenomenon comparable to the secretion of a toxin. In 
this case the alcohol serves the role of a poison with which the yeast 
is able to compete with other organisms with which it comes in con- 
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tact. The yeasts are abki to withstand strong doses of alcohol, suf- 
ficient to kill other organisms. They are able to live in a medium 
winch contains from 10 to 18 per cent of alcohol while other organisms 
are killed by from 4 to 10 per cfuit. Generally alcohol is not assimi- 
lated by yeasts and it is then useless to them. 

The first yeasts, which were without doubt the wild yeasts, lived 
like other fungi in contact with air. But having tak(m on the ability 
of living in decaying fruits and in the mucous secretions of trends in 
order to secure sugar, they have competed witli other organisms 
which lived uiuk^r the same conditions. In this struggle for life, 
the yeast has becui victorious against its adversaries and has sur- 
vived, thanks to the fermcuiting function which constitutes a means 
of preservation for it. Yeasts are then adapted to live after a special 
manner away from air, secreting a large amount of alcohol which acts 
as a toxin. 

The culture of yeasts by man has finally adapted them to anaer- 
obic life and caused tluiin to secreh^ increasingly large amounts of 
alcohol. According to this, the primitive yeasts were aerobic and 
slowly adaptc^d themscilves to aruu^robic life. 

Experience has demonstrat(Ml that if a new wine is exposed to the 
air, a vigorous growth of fungi takes place on the surface, consisting 
of BotrytiSj PenicUliurn, Dimatium^ bacteria, and wild and cultivated 
yeasts. These organisms live along together for a time but as the 
yeasts produce alcohol, tlu^ nnulium becomes unfavorable for sonu^ of 
thesc^ fungi and the bact(^ria drop out. The wild yeasts are able to 
withstand th(‘S(^ (piantitic's of alcohol for a time but they in turn are 
killed as the conccuitration of alcohol increases. Finally, by means 
of their adaptation to alcohol, the cultivated yeasts are able to be 
triumphant over all of the various fungi which were present at first. 

The pluuionKuion of alcoholic fermentation pc^rmits the yeasts to 
resist suffocation. By means of it they fonn alcohol and CO 2 and thus 
secure the heat which is necessary for their maintenance. Wort- 
mann and Delbruck join the theory of Pasteur but their hypothesis 
has the merit of explaining the origin of alcoholic fermentation. 

The theory of toxin formation has raised certain objectors who 
claim that the toxin is not generally secreted in sufficient quantity to 
injure the organisms which make it, while the yeast produces such 
quantities of alcohol that it is finally killed. 

Theory which Makes Fermentation a Pnase of Respiration 

Another theory, which seems to depend upon Pasteur’s, is that 
making fermentation a phase of respiration. It rests upon the fre- 
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quency of the formation of alcohol in living tissue. We have seen 
that alcoholic fermentation is not a phenomenon exclusive to the yeast 
but is met among most fungi and also in tissues containing sugar. 
Alcohol seems to be rather frequently produced in cells. Berthelot, 
Devaux, and Maze have found alcohol in a great number of plants 
placed under normal conditions. Bechamp has isolated alcohol from 
the brains of sheep. 

Therefore, from these contributions, certain authors think (Wort- 
mann, Polszeniuz, Goldewski, Maze ^ and Duclaux, Pfeffer, Palla- 
dinn ,2 Stoklasa, etc.) that Z3nnase exists in all organisms and func- 
tions in the usual manner. For these investigators, alcohol is always 
an intermediate product in respiration of plants and animals. Res- 
piration, according to this, is made up of two phases. In the first, or 
intramolecular respiration, there is no need of concourse with oxygen; 
the sugar is decomposed into alcohol and carbon dioxide by zymase. 
This is intramolecular respiration or alcoholic fermentation. In the 
second phase, the alcohol, thus formed, will be changed in the pres- 
ence of air by means of oxidase into carbon dioxide and water. 
This is respiration, properly speaking, or external respiration. In the 
absence of air, the phenomenon will stop with the formation of al- 
cohol. 

Thus, to express this theory with formulae, the zymase would 
accomplish the following: 

CeHi^Oe = 2 C2H6O + 2 CO2. 

The second phase which takes place in contact with air is as follows: 

C2H6O + 3 O2 = 2 CO2 + 3 H2O. 

In case that an organism, or yeast, finds itself away from air the 
change wiU stop at the first stage. As it goes on with much inten- 
sity, it will give sufficient energy for those organisms which are able 
to live without air like the yeasts. One finds here, then, a point of 
departure from Pasteur^s theory. 

Other authors go farther. They admit that alcohol is not only 
a product of respiration, but also term it a more simple assimilation 
of carbon. The hydrocarbon elements may then be transformed into 
alcohol before being assimilated. According to this, the hexoses which 
are formed from the polysaccharides by the various enzymes will be 
changed into alcohol by the zymase. If the phenomenon takes place 
in contact with air, a part of the alcohol is oxidized by the oxidase, 

^ Maze, P. La respiration des plantes vertes; th6orie biochimique et th^orie 
de la zymase. Rev. g. des sciences, 1906. No. 17. 

^ Palladinn, W. Sur la respiration des plantes. Biochem. ^eitschr. 18, 1909. 
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the enzyme of respiration, the other is utilized for the maintenance 
of the organism and the construction of new tissue. Zymase is then 
an enzyme of digestion the same as amylase, maltase, etc. If, on the 
contrary, the phenomenon takes place away from air some of the al- 
cohol will remain unutilized, as is the case in the alcoholic fermentation 
by yeasts. 

According to Duclaux, the term alcohol is not the simplest; by 
means of the oxidases according to him it may be changed into the 
aldehyde. Many have noticed the presence of alcohol in the product 
of fermentation. It is known that aldehydes are generally considered 
as the first step in the combination of H 2 O and CO 2 in the green plant. 
The yeast acts, then, exactly as a higher plant. It assimilates hydro- 
carbon substances and forms formaldehyde as in the chlorophyll 
synthesis. 

This theory is supported by a number of facts which are inter- 
esting enough to cite at this time. Thus, Laborde has called attention 
to a mold, Allescheria Gayoni (Eurotiopsis Gayoni), which produces 
zymase during a life very much more aerobic than that of the yeast 
and which always gives a little alcohol in the presence of air which, 
moreover, it uses for food. In Raulin^s medium, in which alcohol is 
substituted for sugar, the fungus vegetates very easily. Alcohol is, 
then, a useful substance for it. It disappears in the form of water and 
carbon dioxide with a rapidity comparable to that of carbohydrates. 
The alcohol may be regarded as an intermediary product in the metab- 
olism of the sugars. It is not apparent because it is used up as rap- 
idly as it is formed. Quite recent experiments of Trillat and Sauton, 
as well as those of Kayser and Demlon, have shown that after the 
complete disappearance of sugar in wine, the yeast acts like any ordi- 
nary cell. In presence of air it respires like ordinary plants by oxidizing 
organic acids. It may oxidize the alcohol, and when agitated in the 
presence of air, ethyl or acetic aldehydes may be formed by this oxi- 
dation. It acts, then, like Allescheria Gayoni but in a more active 
manner. On the other hand it has been known for a long time that 
many of the Mycoderma, especially Mycoderma vini, and the myco- 
yeast of Duclaux, are capable of maintaining themselves at the ex- 
pense of alcohol. A. Perrier ^ has encountered a certain number of 
microorganisms endowed with a considerable oxidizing power and in 
particular capable of developing in a mineral medium containing ethyl 
aldehyde as the source of carbon. This assembly of facts seems then 
to prove that alcohol and aldehyde are able to represent two stages 
in the assimilation of carbohydrates by plants. 

1 Perrier, A. Sur la combustion de Talddhyde ^thylique par les veg6taux 
inf^rieurs. Comp. Rend. Acad. Sciences, 151, 1910. 
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This theory has the advantage of explaining the liberation^ of car- 
bon dioxide and the accumulation of alcohol during asphyxia of a 
plant deprived of oxygen. 

However, numerous objections, in spite of the illustrations which 
have been presented, have been raised that alcohol is rarely a food for 
the yeasts. The oxidation of alcohol by fungi is not able to be re- 
garded as a rare occurrence. According to certain authors, alcohol 
seems to be a waste product.^ 

Kostytschew ^ has noticed that when wheat grains are kept away 
from air and finally placed in air, alcohol is produced during the fer- 
mentation and not the oxide. Certain investigators have added to this 
theory a modification which resolves some of the difficulties. Thus 
Kostytschew, Boyen-Jensen,® and Blackmann^ have admitted that 
alcohol produced by fermentation is not oxidizable. Alcohol will 
not be a normal product of respiration; it will form only when the 
intermediary products of respiration escape the action of oxydases. 
According to Boyen-Jensen and Blackmann the true intermediary 
product will be dioxyacetone. Kusserow ® considers alcoholic fermen- 
tation in the light of incomplete respiration. With the exclusion of 
air the yeast reduces the sugar to a diatomic alcohol which further 
reduces to ethyl alcohol, carbon dioxide and hydrogen. 


Autophagy or Autolysis of Yeasts 

We should now investigate the curious phenomenon known as 
autophagy or autolysis. When, in a fermentation, the quantity of 
yeast is lower than 40 per cent by weight of the sugar, the fermenta- 
tion stops immediately at the exhaustion of the sugar. But if, on the 
contrary, the quantity of yeast is greater than 40 per cent of the sugar 
by weight, the fermentation continues after the exhaustion of the sugar. 
The yeast lives, then, on its own substances. It ferments the glyco- 
gen which it has accumulated and accomplishes a sort of autodigestion. 

This phenomenon may be observed in a yeast undergoing inani- 

1 Maquenne, L. La respiration des plantes vertes. Rev. g. des Sciences, 
1905. leth.year. No. 13. 

2 Kostytschew, S. Ueber ein Einfluss ergorgener Zuckerlosungen auf die 
Atmung der Weizenkeime. Bioch. Zeitschr. 23, 1910. 

® Boyen-Jensen, P. Die Zersetzung des Zuckers wahrend des Respiration Pro- 
zesses. Ber. der deutschen Bot. Ges. 26, 1909. 

^ Blackmann, F. Assoc. Brit, pour TAv. des Sciences. Congres de Scheefield, 
1910. 

® Kusserow, R. Respiration and fermentation, two allied physiological proc- 
esses. Brennerci und Pressehefefabrik, 44 (1912), 1-3; Chemical Abstracts, 7 
(1913), 2237. 
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tion in water to which a little antiseptic has been added (creosote, 
toulol, phenol, etc.). The yeast is reduced to live at the expense of 
its glycogen which it has laid up in reserve and to attack its protein 
substances. Then, two phases may be distinguished in autophagy, 
first, the fermentation of glycogen and, secondly, the proteolysis of 
its own protein substances. 

Glycogenase which is contained in the cells acts on the glycogen 
and causes a fermentation (autofermentation). The principal prod- 
ucts formed under these conditions are alcohol, carbon dioxide, 
glycerol, and according to Salkowski, succinic acid. The fermenta- 
tion of glycogen is then quite analogous to intramolecular respira- 
tion which is noticed in fruits containing sugar when placed away 
from air. 

The yeast, at the same time, attacks albuminoid materials by 
means of its endotryptase and other proteases (guanase and argin- 
ase) which seem to play a very important role. The products of 
this digestion are nucleic bases, tyrosine, leucine, guanine, lysine, 
arginine, aspartic acid (Kutscher) and choline. Autophagy depends, 
according to Effront, not on the cells but on the enzymes which are 
formed in the cells when placed in inanition. In the presence of water 
the hydroxy compounds of carbon disappear with the liberation of 
carbon dioxide. The cells die rapidly at the end of about 6 days. 
In the presence of alcohol (7 per cent) and a little hydrofluoric acid, 
Effront ^ has been able to obtain a proteolysis of albuminoid sub- 
stances; under these conditions the yeasts are easily able to support 
a denutrition without losing their fermenting power. 

1 Effront, J. Sur Tautophagy de la levure. Moniteur scientific, 1905, 16. 
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Living Conditions of Yeasts. Their Relations to Their Environ- 
ment. Parasitism and Symbiosis 

I N this chapter we shall consider the hving conditions of yeast, 
i.e., their habitat, their duration of life, the physico-chemical 
conditions which are necessary for their development, the in- 
fluences which determine budding, the production of spores, and 
finally, the pathogenic yeasts and the question of symbiosis. 

Habitat of Yeasts 

Devoid of chlorophyll, the yeasts, like all other fungi, are unable 
to assimilate atmospheric carbon. They are, then, necessarily para- 
sites or saprophytes. A certain number among them, such as the beer- 
yeasts and industrial yeasts, the cultivated yeasts, have been prop- 
agated from time immemorial by man. The greater part of them five 
saprophytically, especially when sugar is available. These are able to 
be regarded to a certain extent as domestic yeasts. In certain regions 
fruits make a good environment on account of their sugar content. 
However, a nectar may also be found in certain flowers (Berlese),^ in 
the mucous secretions of trees (Ludwig, Hansen,^ Lindner, Rose 
and rarely, in the detritus from vegetable decomposition. It will be 
pointed out later on, that at the end of autumn, the yeasts are intro- 
duced into the soil by the fall of the fruits and the rains and there 
pass the winter. 

The investigations of De Kruyff have shown that, contrary to the 
conditions in Europe, the yeasts in Java are very much more distrib- 
uted on the leaves, both living and dead. The exceptional climato- 
logical conditions of this country, humidity and heat, favor this mode 
of life. Many Torula^ Mycoderma and a few true yeasts have been 

1 Berlese, A. Verhalten der Sacch, an den Weinstocken. Rivista di pat. 
vegetal!, 5, 1897. 

2 Hansen, E. C. Ueber die im Schleimflusse lebenden Baume beobachten 
Mikroorganismen. Cent. Bakt. 5, 1889. 

3 Rose, L. Beitrage zur Kenntniss der Organismen im Eichenschleimfluss. 
Inaugural Dissert. Universitat Berlin, 25 June, 1910. 
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found in the salt waters of the sea (Fischer and Brcbeck )d They 
are frequently encountered in milk. (Maze, Dombrowski.) Finally 
many of the Mycoderrna live in alcoholic beverages. 

Many of the yeasts live as parasites in man and animals and cause 
quite varied lesions. 


Duration of Life of Yeasts 

The yeasts are capable of conserving themselves for a long time in 
the same media without perishing. Duclaux,- who has given this 
subject some attention, had the privilege of studying some of the cul- 
tures which Pasteur had used in his investigations on alcoholic fer- 
mentation. In 1885, after 5 or G years, in 15 attempts on old yeasts, 
he found only three which had died out. In 1889, after 11 to 17 
years, out of 2G yeasts only G could not be revived. He has been able 
to observe living yeasts after 25 years. From this it will be wSeen 
that the yeasts arc able to live for a long tinu^ in media in which the 
ordinary foods have hem cixhaust(Kl and to usc^ materials which or- 
dinarily would not be taken. Hansen found that, ycuists could be kept 
for periods of from 13 to 17 years in a liquid containing 10 per cent 
of sucrose without acid. 

Recent observations by Klocker*'* at the lal)oratory in Carlsbcrg 
have shown that living cells of yeast were pvemni in sucirosc and beer 
wort solutions after 20 and 30 years. Will ^ has also found that yeasts 
would live for a long time in nuidia such as b(*,er wort. Among the 
cultures which were (examined, the oldest was 18 years and 2 months. 

Will ^ has published data on the longevity of yemsts under different 
conditions. He found that the yeasts would live longer in licpiid gela- 
tin because these remaiiK'.d moist longer. Even in dry cultures there 
would be living cells after a long time. Meissner‘S secured some 

^ Brebeck, B. and Fischer, B. Zur morph. Ihol. iind Syst. d. Kahrnpibe, 
Jena, 1891. 

2 Duclaux, E. Trait6 do Mi(;robiologio, Fcirrncmtation akjoolitiuc 3, Paris, 
1900. 

* Klocker, A. Fermentation organisms. IlL Cons(^rvation of fermentation 
organisms in different nutritive media, (iornp. Rend. trav. lab. (larlsberg, 11 
(1917), 297-311. 

^ Will, H. Noch einige Mittcilungen Uber das Vorkomrnen von lebens- and 
vermehrungsfiihigen Zcllen in altcn Kulturen von 8i)ros8])ilzen. Cent. Bakt. 48 
(1917), 35-41. 

^ Will, H. The persistence of living yeast on gelatin cultures. Cent. Bakt. 
Abt. II, 31, 436-453; Beobachtungen iiber das Vorkomrnen lebens- und vermeh- 
rungsfahigen Zellen in sehr alten Wlirzkulturen. Cent. Bakt. Abt. II, 44, 1916, 
58-75. 

® Meissner, R. Ten-year experiment on the longevity of wine yeasts in pure 
cultures on 10 per cent cane sugar solutions. Zeit. GUrungsphysiologie, 1, 106-1 13. 
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interesting data on the longevity of yeasts. He used 25 pure cul- 
tures grown in 10 per cent cane sugar solutions without renewal. 
Fifteen of these yeasts retained their vitality for 10| years, while 
nine of them died after eight and one-half years. One remained alive. 
Gayon and Dubourg ^ made an investigation which bears indirectly 
on this subject. They examined wines made in 1810, 1818, 1819, 1832, 
1836 and 1846 and found living yeasts capable of causing alcoholic 
fermentation. 

ACTION OF PHYSICAL AGENTS ON THE YEASTS 
Temperature 

Moist yeasts die generally between 50° and 55° C. s5me being able 
to withstand 60° (Hansen and Kayser^). In the dry state, they re- 
sist more elevated temperatures. Certain are able to withstand, with- 
out perishing, a temperature of from 100 to 110°, others from 115 to 
120°. The ascospores are much more resistant to heat and generally 
withstand a temperature which is about 5° higher than the vegetative 
cell. (Kayser.) On the other hand, the investigations of Pictet and 
Young indicate that the yeasts are capable of resisting very intense 
cold. These investigators have submitted yeasts to temperatures of 
130° below zero for 24 hours without killing them. Doemus has stated 
that the yeast of Frohberg could resist temperatures of - 150° for 
from 5 to 20 minutes. Cochran and Perkins ^ investigated the effect 
of high temperatures on yeast. They heated their yeasts in a syrup 
and found that 58° C. for 30 minutes did not stop fermentation; 65° C. 
for the same length of time caused a devitalization of the yeast so 
that fermentation was reduced. The yeasts were killed at 70° C. 
Wells ^ found that the thermal death point in yeasts is considerably 
effected by the presence of certain substances. Starch and sugars 
were found to raise it. He states that the approximate thermal death 
point in bread is about 68° C. It is quite well known, however, that 
bread may contain living cells since, during the baking process, the 
temperature is not high enough to kill all of the yeasts. 

^ Gayon and Dubourg. Experiments on the vitality of yeasts. Rev. vit. 
38, 5-8. 

2 Kayser, E. Action de la chaleur sur les levures. Ann. Inst. Past. 3, 1889. 

* Cochran, C. B. and Perkins, J. H. The effect of high temperatures on 
yeast. Jour. Ind. Eng. Chem. 6 (1914) 480. 

^ Wells, E. P. The thermal death point in yeast. Vermont Agricultural Ex- 
periment Station, Bull. 203, 1917. 
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Light 

Light does not seem to possess any marked action on yeasts. How- 
ever, Marshall Ward ^ noticed a destructive action of light on the 
ascospores of S. Pyriformis. It will be point(Hi out that the dilTerent 
rays of the spectrum have an accelerating or retarding influence on 
the sporulation of yeasts. According to Martinand yeasts are de- 
stroyed by an exposure of 4 hours to the sun’s rays at 40 to 45^. 
An exposure of 3 days at 36° produces the same effect. The absence 
of light, on the contrary, over a long time does not effect the yeasts. 
Although light acts on the vitality of the yeast.s, it does not seem that 
its effect is very great, and it may be generally said that yeasts are 
resistant to the action of light. 

The recent investigations of Buchta “ mad(^ with Saccharomyces 
cerevisiae and Luchvigii have shown that diffuses daylight sixjpped tlie 
budding of yeasts. The cells not (exposed to it mult-iplic^d almost twice 
as fast as those which were exposed. Electrics light had tlu^. same in- 
fluence. When cultures of yeasts were placed at diffcu’cmt distances 
from the source of light, those which were farthest away multiplied 
most quickly. The blue light had a more rnarktul atdlon than the 
red which did not seem to (effect the budding. The infra-red rays did 
not seem to impede budding. The ultra-violet rays, however, ex- 
hibited a marked action, and an exposure of 10 sc^conds sufficed to 
stop budding. A longcn* time result^ed in the death of tlie cells. Von 
Recklinghausen ^ found that it took 300 sec^onds' exposure at a dis- 
tance of 200 mm. from a quartz lamp burning 06 volts and 3.5 am- 
peres to kill yeast cell. 

Jacquemin and Giurel ^ found that radioactive emanations exerted 
a favorable action on fermentation. A radioactivity of | to 1 unit 
per liter exerted a favorable action on the splitting of sugars. 

Moisture 

Yeasts need moisture; they resist drying easily as the experiments 
of Hansen ® have shown. 

1 Ward, H. M. The ginger bccir plant and the organisms composing it. 
Philos. Trans. Royal Soe., 1898, 183. 

2 Buchta, L. Ueber den Kinfluss des Lichtes auf die Bprossung der Ilefe. 
Cent. Bakt. Abt. II. 41 (1014), 340. 

® Von‘ Recklinghausen, M, Purification of water by the ultraviolet rays. 
Jour. Amer. Water Works Assn. 1 (1914), r)()r)--r)88. 

* Jacquemin, G. and Giurel, G. The influence of radioactive emanations on 
yeasts and alcoholic fermentations. Bull. Agr. Intelligence, 5 (1914), 1505. 

® Hansen, E. C. Recherche sur la morph, et la physiol, des ferments al- 
cooliques. Comp. Rend, des trav. de Carlsberg, 4, 1898. 
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Metals and Salts 

Zikes ^ found that aluminum had a slightly stimulating effect on 
the fermenting and regenerative function. Bokorny^ studied the 
effect of certain uncommon salts. RB2SO4 and CS2SO4 in the presence 
of potassium salts favored the development of yeast. Lithium salts 
proved injurious to yeast propagation An increase of over 0.1 per 
cent of the potassium phosphates in a medium is not advantageous. 
Two per cent (NH 4 ) 2 S 04 does not seem to hinder the development 
of yeast. Bokorny,^ in another paper, has reported a very complete 
study of the action of metallic salts. Practically all of the metallic 
salts were studied. Kossowicz ^ has shown that yeasts liberate iodin 
from KI-mineral-suga,r solutions. 

Bokorny ^ has stated that manganese is not poisonous to yeasts 
if it is in the form of its salts. Budding took place when yeast was 
put into 1 per cent solution of MnS 04 ; while in a 3 or 5 per cent solu- 
tion budding was stopped. This is attributed to the fact that, unlike 
the other metals, manganese does not unite with the protoplasm. 
Boas ® studied the effect of arsenic compounds on yeast. He found 
that, at first, sodium metaarsenite and potassium and sodium arsenate 
had a repressing action which was eventually overcome if the yeast 
was kept in contact with these solutions for a period of time. Low 
temperatures were said to increase the intensity of the poisoning action 
but without killing the yeast. Mitra*^ found that the chloride of 
sodium., potassium., calcium and magnesium are more or less toxic 
to yeasts in concentrations. KCl was the least and NaCl the most 
harmful. 

1 Zikes, H. Influence of aluminum on yeast and beer. Allgem. Zcit. Bicr- 
brau. Malzfabr. 41, 71^, 83-7. 

^ Bokorny, Th. The influence of cesium, rubidium, and lithium salts on 
yeast in comparison with the action of potassium and ammonium. Allg. Braw. 
Hopfen-Ztg. 52, 1469-70. 

^ Bokorny, Th. Action of salts of metals upon yeast and other fungi. Cent. 
Bakt. Abt. II., 35, 118-197. 

^ Kossowicz, A. and Loew, W. The behavior of bacteria, yeasts and molds 
towards iodin compounds. Z. Garungsphysiologie, 2, 1913. 

5 Bokorny, Th. The non-poisonous properties of manganese. Chem. Ztg. 
38, 1290. 

® Boas, F. Action of arsenic compounds on yeast. Chemical Abstracts, 12 
(1918), 1101. 

7 Mitra, S. K. Toxic and antagonistic effects of salts on wine yeasts. Calif. 
Pub. Agr. Sci. (15) 3, 63-102, 1917. 
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Pressure 

The investigations of Regnard^ and Melsens^ have shown that 
the yeasts are able to resist a very strong pressure. Regnard sul)mitted 
a yeast to a pressure of 1000 atmospheres for 1 hour without killing 
it. Melsens has used pressures of 8000 atmospheres and noticed no 
diminution in the vitality of iho. yeasts so trc^atcKl. Hite, Giddings 
and Weakley ^ in studying the effc^cts of high pressures on micro- 
organisms used a number of common y exists. Samples of grape 
sugar in water which were inoculated witli baker’s (Fleischman’s) 
yeast did not ferment after being subjectcHl to (>0,000 pounds pr(‘s- 
sure per square inch for a half hour at room temperature. With 
Saccharomyces ceretrisiae^ Meyer, ihere was no growtli aftca* 80,000 
pounds pressure. While the results are not concordant, it may be 
seen that this yeast could stand pressures of betw(‘,cui 50,000 and 
55,000 lbs. pressure for 10 or 20 minutes, in distilled water. In 3 per 
cent cane sugar solution, there was one instance wluu'e this y(!aBt re- 
sisted 60,000 pounds for 10 minutes. Saccharomyces albicans^ Ret^ss, 
in one instance, resisted 60,000 pounds pn^ssun^ for 10 minutes, ( ’liop- 
lin and Tammann,'^ as quoted by Hite and his colleagues, have stated 
that yeasts could resist a pressure of 3000 kilograms per square centi- 
meter (43,000 pounds per sciuare inch). 

Antiseptics 

Nowak ^ found that ozonization had a d(d.rim(^ntal effect on the 
multiplication of yeast. It was brought out that this rmdliod may 
be used to remove undesirable bacteria from yeast cultures. Lind- 
ner and Grouven employed four disinhHdants towards yomi. These 
were corrosive sublimate (amrponium), fluoride, formalin, and anti- 
foraiin. Will and Wieninger^ experimented with ossone on yeiist. 

1 Regnard, P. Inducneo dc la pression sur la levant C. R. A(*. dcB H(‘iene(^8, 
98, 1884, 

^ Melsens. (Joinp. Rend. Ac, dea Sci. 1870. 

^ Hite, B. II. , (biddings, N. J., and Weakley, C. E. The effect of pressure 
on certain rnicToorganisrns eiicountered in the preservation of fruite and veg(^ 
tables. Bulletin 14(), West Virginia University Agricultural Experiment Station, 
1914. 

* Choplin, G. W. and Tamrnann, G. Ueber den Einfluss hohor Eindnick an 
Mikroorganismen. Zeit. Hygiene, 45 (1903), 171. 

® Nowak, C. A. Influence of ozone on yeiist and bacteria. Jour. Ind. Eng. 
Chem. 5, 668, 1913. 

® Lindner, P. and Grouven, 0. What influence has an increase in the quantity 
of yeast on the disinfecting power of various antiseptics. Wochschr. Brau. 30, 
133-135. 

^ Will, H. and Wieninger. Zeit. f. d. ges. Ikau. 1910, 
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They found that 0.56 gram in a cubic centuneter of air was toxic 
for 30,000,000 cells. 

Euler and Emberg ^ ha,ve stated that the hydrogen centration in- 
fluences the development of bottom yeast. This is to be expected 
since other forms of microorganisms act in the same way. 


Physiological Conditions of Budding 

Budding is accomplished each time the cell finds itself in a suit- 
able environment with no deterring factors, such as the accumulation 
of products of metabohsm. Aeration plays an important r61e; it 
seems to accelerate budding. However, it is not indispensable. Han- 
sen ^ has noticed that budding took place in the presence of nitrogen 
with no oxygen present. It is also known that budding continues 
during alcoholic fermentation. It is known, to the contrary, that 
sporulation does demand the presence of oxygen. Sporulation and 
budding then differ on this point which closely separates them. 

Temperature exerts a preponderant influence on budding which 
is a function of temperature. Hoyer has calculated, for example, that 
in a medium of gelatin, S. Pastorianus formed a new generation at 
13^ every 6 hours while at 35° the budding was accomplished in about 
3 hours. The experiments of Hansen have shown that there exist 
minimum, optimum and maximum temperatures for every species of 
yeasts. Hansen has determined the limiting temperatures for 11 
species of yeasts (S, cerevisiae, Pastorianus^ intermediuSy validuSy 
ellipsoideuSy turhidans, MarxianuSy WHUd anomalay PichiUy membranae- 
fadenSy Saccharomy codes y Ludwigii), He found that the maximum 
temperatures of these species varied from 47° to 34° C., the minimum 
temperature from 0.5° to 0.3° C. 

Particular Types of Budding 

It has been stated above that yeasts may grow as a sediment at 
the bottom of the culture flasks (anaerobic life), or as a scum or veil 
(aerobic life). The formation of the scum generally represents a par- 
ticular type of budding. 

1 Euler, H. and Emberg. F. . The sensitiveness of living yeast to hydrogen and 
hydroxyl-ion concentration. Zeit. Biol 69, 349-64 1919. Chem. Absts. 13 
(1919) 2691. 

^ Hansen, E. C. Recherches sur la physiol, et la morphologie des alcooliques 
ferments XI. La spore de Saccharomyces devenue sporange. Recherches com- 
paratives sur les conditions de croissance vegetative et le development des 
organes de reproduction des levures et des moisissures. C. R. du lab. de Carlsb. 
5, Book 2, 1902. 
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Certain yeasts, such as the Mycodemia (Mycoderma vini and cere- 
visiae)j are essentially aerobes, never producing fermentations and 
forming on the surface of the media a scum which is very character- 
istic, reminding one of fungi. This scum is gray and dry. Later, it 
develops and becomes wrinkled. Many bubbles of air arc found re- 
tained between the cells. But the Mycodemia arc not characteristic 
yeasts; they do not form spores and their place in a classification is 
quite uncertain. 

Hansen has distinguishcK-l two groups among the Saccharomycetes 
or true yeasts. In one, which includes Willia and Pichia, the scum 
appears very rapidly at the beginning of the culture. It is well devel- 
oped, dry, and filled with globules of air which are retained between 
the cells. This is the characteristic scum for the Mycodemia. For 
this group, the scum is a normal method of vegetation. It is under- 
stood, then, that budding is confused with the formation of the scum. 

In the other group, to which belong the majority of known species, 
a scum may or may not be formed. When one is formed it appears 
at the end of fermentation and under conditions whicdi Hansen has 
well established. On the other hand, this scum differs in the group. 

It is necessary, in ordcu* for the scum to form, that the surface 
of the medium be quiet and in dinuit contact with air. Hansen has 
recommended that a 24-hour culture be used to which there is addend 
new wine. The culture', should b(^ shaken, aft(T which a drop is carried 
over to a flask half full of new wine and cIosckI with a cap of paper. 
At the end of a shorter or longer time, the principal fermentation is 
finished and on the surface', of the medium are seen little spots of 
yeast. These remain isolai^nl as little islands, unt-il they join to form 
a thin scum which is gray and mucous. If the flask is shaken, parts 
of the scum break off and fall to the l)ottom; eventually a new scum 
will form over the surface. During the formation of this scum, the 
medium becomes a ckuir yellow. The scum, thus formed, differs 
markedly from that formed by Mycoderma; it is less tenacious and 
has a more viscous appearance. 

Other yeasts do not form scums but simply rings about the side 
of the tube. With some both are formed. 

The formation of the scum is influenced by the temperature, as 
the investigations of Hansen have determined. Hansen has shown that 
certain limits of temperature exist outside of which the scum is not 
able to form. Between these limits the time of formation is determined 
by the temperature. The time is constant for a given temperature. 
A certain optimum temperature, variable with each species, allows the 
most rapid formation of the scum. It is an interesting fact to note 
that there is no relation between the temperature at which scum for- 
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mation goes on most rapidly and budding. Budding is less dependent 
on the temperature. 

In determining these various temperatures and the time necessary 
for the scum to form in six species {S, cerevisiae, Pastorianus, inter- 
medius, validus, elUpsoideus j B.nd ^^6r6^dans) , Hansen noticed that scum 
formation was slower at low temperatures than at high temperatures. 
On the other hand, it may be stated that the maximum temperature 
for scum formation is lower than the maximum for budding. The 
temperature limits of scum formation vary with the species and fur- 
nish important characteristics for the differentiation of these species. 

Physiological Conditions of Sporulation 

We shall see, in a later chapter, that sporulation is generally a 
function of inanition of the yeast. It is often necessary that the 
yeasts have accumulated from former culture media the reserve prod- 
ucts necessary for the formation of ascospores. Under these condi- 
tions, the cells begin to bud as soon as these reserve products are 
exhausted. It seems from all this that the formation of ascospores 
is determined exclusively by the lack of food. This is the conclusion 
to which the investigations of Klebs ^ leads us. However, it has 
been known for a long time that the yeasts are able to sporulate very 
rapidly on certain solid media (gelatin added to wine, slices of 
carrot or potato) and sometimes in liquid media during fermentation. 
Sporulation seems, then, to have other causes. Klebs admits that in 
the case of solid media, such as nutrient gelatin or slices of carrot, if the 
yeasts are able to sporulate, it is only those cells which are in the 
innermost parts of the colonies where they are prevented from using 
the medium. These find themselves in bad conditions of food supply 
which explains their sporulation. In these colonies, the cells occupy- 
ing the marginal portion of the colony will continue to bud and 
multiply while the cells which are on the inside of the colony will be 
reduced to conditions which favor the formation of spores. 

The investigations of Hansen,^ to which we owe much of our in- 
formation with regard to sporulation, have demonstrated, on the con- 
trary, that this matter is much more complicated. If the lack of 
food is one of the most important factors, it is by no means indis- 
pensible. Indeed, Hansen has stated that contrary to the ideas of 
Klebs, in cultures on gelatin or beer wort, the ascospores form in the 

^ Klebs, C. Allgemeine Betracbtungen. Jabrb. wissenscbaft. Bot. 35, 1900. 

2 Hansen, E. C. Recherches sur la physiologie et la morphologie des fer- 
ments alcooliques. II. Les ascospores chez le genre Saccharomyces. III. Sur les 
Torxila de M. Pasteur. IV. Maladies provoqu6es dans la bidre par les ferments 
alcooliques. C. R. du lab. de Carlsberg, 1, 1883, 5, 1902. 
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cells on the margin as well as in the cells inside of4he colonies. The 
lack of food, then, has little bearing in this case because the well-nour- 
ished cells also form ascospores. 

According to Hansen, two factors seem to determine sporulation: 
the lack of food ahd the accumulation in the medium of toxic excre- 
tion of the yeast cell. With the yeasts which arc placed on gypsum 
blocks or in distilled water, it is the lack of food which is probal:>ly 
the reason for sporulation. With yeasts cultivated on solid media 
(slices of carrots, or nutrient gelatin) it is the action of toxic excre- 
tions which arrests budding and causes sporulation. It is the same 
reason which causes some yeasts to form ascospores in a fermenting 
solution. The alcohol may hinder budding and provoke sporulation. 
Hansen has shown, however, that certain chcmiical substances, such as 
saturated calcium sulfate, arc capable of stopping budding and pro- 
ducing sporulation. 

In recent investigations l)y Saito, the r61e of toxic substances of 
the yeast in relation to sporulation has been studied. According to 
this author, only the cells on the periphery of a colony sporulate. 
It seems to be a (pu^stion of the amount of food. Sait,o thinks that the 
deprivation of food is the main factor inducing sporulation but that 
ScMzosaccharomyces octosporus is an (exception to this rule. 

But these two factors, the lack of food and the accumulation of 
toxic products, are not sufficient in themselves to determine the for- 
mation of spores. The investigations of Hansen and Barker^ have 
shown that there arc a number of secondary conditions which are 
necessary: free access of air, temperature, humidity and condition of 
the cells. More recent researches by Purvis and Warwick have shown 
that light exercises an influence on sporulation. Wo shall now take 
up successively these various conditions. 

A. Condition of the Cells. In order for a cell to sporulate it 
is necessary that the cells be young and vigorous and that they have 
accumulated, either from former culture media or from the medium 
in which they arc taken, a reserve of products necessary for the for- 
mation of ascospores. We have seen, indeed, that cells destined to 
form ascospores, have accumulated metachromatic corpuscles, fats 
and glycogen which are finally absorbed by the ascospores during their 
formation. The media in which yeasts are placed are of much impor- 
tance in relation to sporulation. Hansen reported that dextrose had 
a favorable influence on sporulation in Saccharomyces Ludwigii, and 
Klocker has reported the same observation for certain Piehia; these 
yeasts only formed ascospores after a preliminary cultivation in beer 

^ Barker, P. On the spore formation among the Saccharomycetes. Jour, 
of the Federated Institutes of Brewing, 8, 1902. 
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wort to which dextrose had been added and othei’S to which alcohol 
had been added. 

The recent investigations of Saito ^ have furnished an explanation 
of some of these facts and given information with regard to the for- 
mation of ascospores which have been overlooked Up to the present 
time. Certain yeasts when placed in an environment with little food 
do not contain certain necessary chemical substances which vary with 
the yeast. For Zygosaccharomyces mandshuricus which has been the 
special object of Saitohs investigations, these substances are dextrose, 
levulose, galactose, sorbose, raffinose, mannite, dulcite, sorbite and 
glycerol. These substances seem to exercise a stimulating effect on 
the sporogenic function. There seemed to be a niinimum concentration 
for each of these compounds for sporulation. For example, the mini- 
mum concentration of dextrose and levulose for Zygosaccharomyces 
mandshuricus was between 0.125 and 0.25 per cent; for galactose, 
raffinose, and glycerol between 0.25 and 0.50 per cent, and for sor- 
bose and dulcite between 0.5 and 1 per cent. The addition of small 
amounts of potassium phosphate and peptone exercised a favorable 
action on sporulation in Zygosaccharomyces mandshuricus. The salts 
of sodium, potassium, magnesium and carbon had a favorable action. 

Some substances, such as beer wort to which gelatin had been 
added and decoction of koji, had a stronger action on the produc- 
tion of ascs than the carbohydrates. Indeed, the action of beer wort 
and decoction of koji caused a large number of ascs, but among them 
were some with no ascospores. These various substances seem, then, 
to have a specific action not only on the production of ascs but also 
on the formation of ascospores and their maturation. 

Aside from substances which stimulate the formation of asco- 
spores, there are substances which, in a marked manner, retard sporu- 
lation. The salts of ammonia have such an action and when yeasts 
are placed in certain concentrations of these salts, although all other 
factors are favorable for sporulation, they do not sporulate. In gen- 
eral it seems that those yeasts in which the asc is preceded by a sexual 
process sporulate under more complex conditions than those which are 
parthenogenetic. 

Sartory ^ has noticed a symbiosis between a yeast and bacterium. 
The yeast sporulated only in association with the bacterium. Zetlin ^ 

1 Saito, K. Untersuchungen liber die chemischen Bedingungen fiir die Ent- 
wicklung der Fortpflanzorgane beinieigen Hefen. J. College of Sci. Imperial Univ. 
Tokyo, 39, 1916. 

2 Sartory, A. Sporulation d’une levure sous Tinfluence d’une bact^rie. Comp. 
Rend. Soc. Biol. 72, 1912. 

3 Zetlin, Sophie. Influence of previous nourishment upon spore formation 
in yeast. Chemical Abstracts, 8 (1914), 3807. 



PHYBIOLOOIC^AL CONDITIONS OF SPORULATION 117 


studied the effect of certain foods on spore formation. It was found 
that ammonium sulfate, asparagin, glycocoll and peptone had a 
favorable action. Spore formation was greatly increased. The re- 
sults with different sugars were variable. Some favored spore for- 
mation while others tended to repress it. 

B. Influence of Air. Another indispensable condition is a free 
access of air. Hansen has demonstrated this by the following example. 
Some young cells of aS. cerevisiae and S, Pastor ianus are inoculated 
into a Freudenreich flask containing a little watc^r (about 5 drops in 
each flask), and deprived of air. A first lot of theses flasks is placed 
into a Ixill jar with a little alkaline pyrogallol and from which the 
air has Ix^en sucked out as far as possible. Anothc^r lot is plac(xl under 
another bell jar in contact with air. Both are ])laced at 25° C. After 
six days the lots should be examined and it will be noticed that the 
yeast cells in the first lot will contain no ascospores • while the cells 
in the second lot will contain a large number. If now the flasks of 
the first lot be exix)sed to air an abundant crop of ascospores will be 
noticed after a few days. Thus the lack of air inhibits sporulation 
and tlic access of air is indispcmsable to thci formation of ascospores. 
On the other hand it is the oxygcui of the air which is so indispensable 
to the formation of ascospon^s. Hansen has diunonstrated this by 
using nitrogciu as tlie atmosj)h(u*e and under these conditions much 
less sporulation was sc^jurcKl. 

Then, oxygen is an indispensable factor for the formation of asco- 
spores. Sporulation, in this regard, acts in a very different manner 
than budding which, as we have stated, is able to go on in the absence 
of oxygen. 

C. Temperature. One of the factors essential to sporulation is 
temperature. The investigations of Hansen have shown that, for 
each variety of yc^ast, there (ixist ccirtain temperature limits outside 
of which sporulation becomes impossible. Between these limits, the 
time necessary for the formation of ascospores is constant for a variety 
for a given temperature. Outside of these temperatures, there are 
others more or less favorable at which ascospores fonn after varying 
lengths of time. Hansen has shown that we may put down for each 
variety: 

First. The temperature limits which allow the formation of asco- 
spores. A maximum and minimum. 

Second. The optimum temperatures at which ascospores appear 
most rapidly. 

Third, Temperatures which are between these limits and at which 
the time of ascospore formation is more or less long, depending on 
how far it is removed from the optimum. 
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In determining these three temperatures for 6 varieties of yeasts 
(8. cerevisiaBj Pastorianus, intermediuSj . validus, ellipsoideus and tur- 
bidans) Hansen has noticed that sporulation is dependent upon three 
laws which are able to be announced as follows: 

First. Sporulation is accomplished slowly at low temperature 
but increases with the rise in temperature up to a certain optimum; 
above this temperature ascospore formation becomes slower and slower 
until it finally ceases completely.^ 

Second. The most favorable temperature for six varieties of 
yeasts was about 25°. 

The temperature hmits of these yeasts with regard to sporulation 
are situated between 0.5 and 37.5° C. It is interesting to note that, 
as for the formation of the scum, the temperature limits for sporu- 
lation are included in the limits of budding. The minimum tempera- 
ture for sporulation is not as low as that for budding and the maxi- 
mum is not so high. Sporulation in order to be accomplished requires 
a temperature more pronounced than budding. It seems that the 
higher the temperature for budding, the higher is the maximum tem- 
perature for sporulation. The experiments of Hansen indicate, how- 
ever, that there is no parallelism between the two temperature curves 
for budding and sporulation. 

The observations of Hansen mentioned above,’ as well as those of 
many other investigators as Nielsen, Klocker, and many others, on 
maximum and minimum temperature hmits, have confirmed this. 
Nevertheless, some species are able to attain maximum temperatures 
of 40-41°. Sometimes they are situated around 15° C. as in certain 
Pichia studied by Kl5cker. With regard to optimum temperatures, 
they range around 25°. These temperatures and the times required 
for ascospore formation vary with the yeast. Hansen has been able 
to establish very important characteristics for the differentiation of 
species. 

The action of temperature has been mentioned by Saito in relation 
to formation of the asc in certain yeasts. Saito isolated a Zygosac- 
charomyces which, depending on the temperature, formed ascs derived 
from a copulation, or parthenogenetically. On slices of carrot on which 
the yeast germinates very actively, the ascs were formed by a copu- 
lation at 25 to 27° C. At 33°-39° C., on the contrary, the ascs were 
produced by a parthenogenesis. 

^ Herzog has shown that the curves which show this phenomenon resemble 
those of Tamman on the influence of temperature on diastatic action; these 
reach a maximum and decrease progressively. According to the same author, 
they also agree with van't Hoff^s law that the speed of a chemical reaction is a 
function of the temperature. 
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D. Humidity. Naegeli has argued that the principal factor in 
sporulation is desiccation and that this phenomenon is brought about 
only in cells which are partly dried. The investigations of Hansen, 
on the contrary, have shown that humidity is an important, if not 
indispensable, condition of sporulation. It is easy to show this by 
Hansen^s own experiment. 

Blocks of plaster of Paris are prepared and then plunged into 
water in order to soak them; on each of these, a little of the yeast 
is placed and the blocks placed in dishes without water, covered with 
a glass plate. Some other blocks are placed in dishes covered with 
a filter paper and still containing no water. Another series of blocks 
are placed in dishes with water and covered with a glass plate. In 
a few days it will be seen that the yeasts in the dishes with water 
have formed numerous ascospores; those in dishes without water and 
covered with the glass plate have a few; those in the dishes covered 
by a filter paper have still less. 

The evaporation of water hindered the formation of ascospores. 
Humidity is then necessary for sporulation. Evaporation does not 
completely stop the formation of spores, for a few cells will sporulate 
on the blocks undergoing evaporation. Thus, we are able to explain 
sporulation in yeasts in nature on fruits; in the superficial layers of 
the soil they are capable of sporulating in spite of the absence of 
humidity. 

E. Light. According to the investigations of Purvis and Warwick ^ 
the rays of certain wave lengths have an influence on sporulation. 
By placing moist plaster of Paris blocks in dishes, the walls of which 
were covered with different colors, they were able to establish the 
following facts: 

1. The red rays of longer wave length accelerate the formation 
of ascospores which appear more rapidly than in the presence of white 
light. They also seem to be more favorable to sporulation than ob- 
scurity and seem to stimulate sporulation. 

2. The green rays seem to retard the formation of ascospores. 

3. The blue or violet rays retard sporulation more effectively 
than the green. 

4. Finally, the ultra-violet rays have a pronounced retarding 
action; they seem to have a bad effect on the vitality of the cells. 

These results are able to be explained on a chemical basis, for it is 
well known that the rays of short wave length have a greater chemical 
activity than the long wave lengths. Also it might be regarded 
that the former determine the chemical modifications in the cell which 

1 Purvis, E. and Warwick, R. The influence of spectral colors on the ^poru- 
lation of Saccharomyces. Proceedings of the Cambridge Society, 14, 1907. 
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are unfavorable to the formation of ascospores, while the rays with 
longer wave lengths, having a lower chemical energy , have little in- 
fluence and permit the formation of ascospores. 

Acid or Alkaline Media: The investigations of Saito have shown 
that the degree of acidity or alkalinity determines sporulation and an 
increase in acidity or alkalinity is accompanied by a retardation in 
the formation of ascospores. The higher limits of acidity for Zygosac- 
charomyces Mandshuricus on plaster blocks are 0.5-1. 0 per cent of sul- 
furic acid, make acid, tartaric or citric acid. The higher hmits of 
alkahnity are 0.2 to 0.4 per cent of sodium hydroxide. Certain toxic 
substances also affect the sporulation. 

Osmotic Action: This also exerts an effect on sporulation. The 
maximum concentration for spore formation in a yeast depends upon 
the species. For an osmophihe species like Zygosaccharomyces Hand- 
shuricas the concentration is high. In a substrate with 25 per cent of 
salt this yeast still sporulates. The investigations of the- action of other 
salts towards this yeast give data which depend upon the nature of 
the salt. Thus, a very concentrated solution of potassium nitrate 
has much less effect than isotonic solutions of NaCl. On the other 
hand, the method of using the substance also determines the results. 


Parasitism of the Yeasts. Pathogenic Properties. Symbiosis 

Quite a number of the yeasts are parasites. They seem to have 
received less attention than the other vegetable parasites. It is only 
with animals and man that the parasitism in the yeasts is of any im- 
portance. Endomyces albicans, a fungus related to the yeasts, has 
been known for a long time to cause lesions in man. Remack has found 
in the intestines of mammals a true yeast capable of sporulation which 
received the name of Saccharomycopsis guttulatus. Metschnikoff in 
1884 discovered in the general cavity of a crustacean (Daphnia) a yeast 
which caused a special infection. It was by means of this yeast, on 
account of the thin wall of the daphnia, that Metschnikoff discovered 
phagocytosis. The yeast was called Monospora cuspidata. 

Other pathogenic yeasts have been observed in other animals. 
Biitschh and Dangeard have found them in the Anguillula, Schaudin 
in the intestines of Culex and Lindner in the larvae of the fly (7ore- 
thra plumicorum. 

For a dozen years the number of pathogenic yeasts has been 
notably increased by the discovery of different ones which cause 
various troubles in man and animals under the name of blastomyco- 
sis- Rivolts and Micellone have described the Cryptococcus farcimi- 
nostis which causes farcy in the horse. Raynaurd, Lucet and Guegen 
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have described the Cr. linguac-pilosae which causes a malady in man. 
Achalme and Troissier found »S’. anguinae which caused an angina. 
According to Le Dantec certain dysenteries may be caused by yeasts. 
Quite a number of yeasts have been described in tumors. One of the 
most characteristic of these is the yoiist of Ourtis, Saccharomyces 
subadaneous tumefaciens, which is a true yeast forming ascospores. 
Blanchard Schwartz and Binot have described a yeast which caused 
a tumor. Vuillemin and IjCgrain have isolated granvlatus which 
had pathogenic properties. 

The frequency of pathogcinic y(!asts has lead certain authors to 
attribute to these fungi a varied role in disease, especially for some 
of those diseases for which bacteria have not bcien discovercid. Thus 
attempts have been made to explain rabic's and ciincer on the basis 
of the presence of yeasts. The possible rtdation of yc'iists to cancer 
has held the attention of bactciriologists and a brief riisumd of the 
subject will be presented although tlu' subj(x;t has Imhui abandoned 
today and is of historical interest only. The; i)res(!nce of yesasts (Eur- 
tis, Blanchard, Schwartz and Binot, Vuillemin ‘ and Legrain) in many 
tumors has suggested that jiossibly these organi.sms wen-e the causci. 

This idea has been supporhid <‘sp(^cially by Russcil who observesd, in 
a large number of carcinomsis, spherical bodies wliieh he called y(iiiats. 
The investigations of Corscdlicd, Frisco, PlimnuT, and Bra seem, at first 
thought, to confirm this opinion. TIk^sc' inv('stigatora isolated a yeast 
from many tumoi'S (sarcomas, (^i)ith('liomas and carcinomas). Plim- 
mer especially found Cr. Plimmeri in more than one thousand carci- 
nomas. On the other hand San F(dic(^ pretcnided to have provoked 
the formation of true ncHjphusms by animal inoculation of a yeast 
isolated from certain fruits, ihe Cr. ncof<)rman.s. For a tirmi this patho- 
genic theory of yeasts for cancer ludd a very strong position among 
clinicians and anatomo-pathologists. 

It is generally agreed that among all of the published observations, 
there is not one which will stand close scrutiny and which is suffi- 
ciently demonstrative. It is now known that the bodies which Russel 
observed are only degenerate cytoplasm. On the other liand, Ron- 
cali, PHmmer and Bra have, run afoul in tluiir animal inoculation ex- 
periments, for the yeasts which were isolated never nsproduccid the 
tumors. 

If certain investigators, among others Oarscdli and Fisco, San 
Fehce, have been able to produce true tumors by inoculation of 
yeasts, it was never demonstrated that the tumors had any histolog- 

^ Vuillemin, P. Cancer et tumours tales. Bull, des sfianeea do la Soe. 
des Sc. de Nancy, 1900. I,cs Blastomycfites. Rev. g6n. des Sciences, 1901, 
No. 16. 
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ical similarities to cancer. The inoculation and rapid increase in loco 
of these yeasts alone determine the common lesions exactly as in all 
foreign bodies. According to Maffuci and Sirleo, many yeasts, which 
have been isolated from malignant tumors, came from the air and 
not from the diseased tissue. These authors have been able to isolate 
yeasts from numerous carcinomas and sarcomas,^ but they also ob- 
tained them by exposing gelatin plates to the air of the laboratory. 

It then seems probable that many of the yeasts, said to have been 
isolated from cancer tissue, really came from the air.^ 

It seems certain, however, that yeasts may be found in certain 
malignant tumors, but they must be of only secondary importance in 
the disease. They never cause it. The yeasts develop simply be- 
cause they find the organism weak and in the neoplastic tissue a 
favorable environment — a good culture medium. One is able, for 
example, to secure Endomyces albicans in certain tumors which, as 
is generally known, causes an infection in infants, aged and gener- 
ally “run-down ” individuals. The blastomycelial theory of cancer 
has been definitely rejected. 

Pathogenic Properties of Yeasts 

Even though it is admitted today that yeasts have no relation 
to cancer, it is possible to inquire whether certain yeasts, either 
special yeasts or common saprophytes, are not capable of present-^ 
ing, at times, toxic or pathogenic properties. Generally speaking, 
the question has been answered in the negative, and it is now rec- 
ognized that the yeasts are almost without significance for the higher 
animals. 

Habinowitch,^ in inoculating 50 varieties of ordinary yeasts into 
various animals,, found only seven which were pathogenic for the 
mouse and rabbit. None caused even the slightest reaction in the 
guinea pig. The animals* which were killed seemed to be dead from 
infection and not intoxication. Yeasts do not seem to secrete ^ toxin 
which has any action on animals. 

The results of investigations conducted by Skchiwan ^ have shown 
that yeasts have practically no chemiatric action towards leucocytes. 
This was demonstrated by introducing S. pastorianus in capillary 
tubes into the peritoneum of guinea pigs and rabbits. 

^ Guegen, F. Les Champignons Parasites de Thomme et des animaux. Th^se 
d'agr^g. de Pharmacie, Paris, 1902. 

^ Guiart, J, Pr6cis de parasitologie. Baillierie 4dit. Paris, 1910. 

* Rabinowitch, L. Untersuchungen liber pathogene Hefearten. Zeitschr. 
Hyg. 21, 1896. 

** Skchiwan. Ann. Inst. Past. 8, 1890. 
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By injecting into the peritoneal cavity of a guinea pig a culture 
of S. pastorianus and examining what happened, by removing a little 
of the peritoneal fluid at regular intervals, the same author,^ observed 
a phagocytosis of the yeasts. They were demonstrated to be alive, how- 
ever, by means of inoculation. After from 2 to 3 hours they were 
broken up in the interior of the leucocytes and at the end of from 10 
to 11 days they were proven to be dead by means of inoculations into 
beer wort. If, however, in place of an ordinary yeast, a pathogenic 
yeast be used, such as S. subcutaneous tumefaciens, the same phe- 
nomena are observed with the single difference that phagocytosis 
is more energetic. This commences after a sort of lag, at first by the 
polynuclear leucocytes and finally the mononuclears; often a cell is 
observed which has been ingested by many leucocytes. On the other 
hand, a yeast may defend itself by surrounding itself by a mucilag- 
inous envelope. A battle between the yeasts and the leucocytes 
ensues. But finally the leucocytes triumph and at the end of two or 
three days all the yeast cells find themselves ingested. 

It may be inferred, then, that ordinary yeasts do not exhibit a 
pathogenic phase and that pathogenic yeasts themselves provoke 
only a light of doubtful intoxication. According to (3asagrandi,^ 
and Demme ^ a yeast, CrypL ruber, caused an acutes enteritis in young 
infants. The active agent was probably a secondary cleavage prod- 
uct from the milk in which it was secured. 

If one summarizes the numerous observations of secondary in- 
fections by yeasts and the diverse lesions of the skin, mucous mem- 
branes or internal organs, the cases are rare whcrci tlu'.se fungi exhibit 
any actual pathogenic r61c. Blastomycoses thus seem to be excep- 
tional diseases and not so very frequent.^ 

That we drink with wine large numbers of yeasts might indicate 
their harmlessness. For a long time we have attributed curative prop- 
erties to beer yeasts toward such infections as furunculosis. Ser- 
gent ® has noticed an antiseptic action of yeasts against infections with 
Staph, pyogenes aureus. Perhaps these properties find their explana- 
tion in the existence of a toxin recently demonstrated by Hayduck, 
Fernbach and Vulqium. It has been shown in the preceding chapter 
that, according to certain authors, yeasts secrete a toxin endowed 

^ Skehiwan, Ann. Past. Inst. 13, 1899. 

^ Casagrandi, 0. Saccharomyces ruber. Ann. dig. sperm. 1898. Vok. 7 
and 8. 

® Demme, R. Saccharomyces ruber. Ann. de microg. 1889 and Annali dig. 
sperm. 1897, Vol. 7. 

^ Duval and Laederich. Arch, de Protistology 3. 

® Sergent, E. Levure de bidre et suppuration Ann. Inst. Past. 17, 1903. 
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with a decided bactericidal power.^ The investigations of Neumayet 
and Anderson seem to indicate that the yeasts are able to withstand 
the action of the digestive juices and may thus pass through the di- 
gestive canal Hawk and his colleagues at Jefferson Medical College 
have reported on the value of yeasts in the treatment of furunculosis: 
They claimed better results ■ than were secured by the use of autog- 
enous vaccines. The use of yeasts in therapeutics is not a newudea. 
In the earliest of times they were used against the pyogenic cocci. 

Symbiosis of Yeasts 

Sjrmbiosis is the association of two different organisms which live 
together, both being benefited. It seems that yeasts are able to un- 
dergo similar associations. 

Thus it is that in certain industrial yeasts made up of differ- 
ent fermenting agents there is a hving together or a symbiosis.^ 
Will has reported the case of two varieties of yeast which have func- 
tioned in a brewery for 12 years without any noticeable change in 
their individual characteristics. A sort of equihbrium seems to have 
been established between the two varieties which permits them to 
live together without harming each other. Schonfeld has cited a 
similar case of a little brewery in which the leaven for four years 
gave a rapid clarification with feeble alternation. This leaven was 
composed, of two yeasts, one which had low alternation a^d the other 
with higher alternation. These two species hved for two years in 
close contact without harm and preserved their relative strengths. 
Van Laer has also noticed a case of equilibrium among yeasts in the 
innoculum of a top fermentation and which for a long time hved in 
S 3 nnbiotic relations. In this, two yeasts predominated; first, a yeast 
of the type cerevisiae which caused saccharose and maltose to fer- 
ment; secondly, a Torula A which caused saccharose to ferment, 
but which acted on maltose a httle and which gave the beer an agree- 
able taste and odor. Two other varieties were present to a lesser 

^ The use of yeasts in nutrition has received some attention. Voelz and 
Baudrexel (Ann. de la Brasserie et de la Distillerie, 1911) have shown, by a * 
series of experiments with dogs, that yeasts constitute a good source of nitrogen. 
At the suggestion of Professor Delbriick, a dozen assistants at the Fermentation 
Institute at Berlin have replaced, for several weeks, a part of their meat at 
breakfast by 20 gms. of dried yeast. None of them suffered any trouble by the 
introduction of this new food (Delbriick, La Levure, un noble champignon, 1st 
International Congress of Brewing, Brussels, 1910). Voltz (Biochem. Zeit, 93, 
101—5) has stated that yeast should not be fed in the living condition if it is to 
be of food value. 

2 These examples are taken from Duclaux, Trait6 de microbiologie. 
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proportion, two yeasts of the Pastorianus type; one A, was rather in- 
active, the other B seonicd to take part in the secondary fermentation. 
But it is necessary to say that such associations in yeasts are rare. 
In most of the breweries where mixtures of yc^asts are employed, it 
is exceptional that an eciuilibrium is maintained between them. One 
almost always predominates over the others. 

Certain fermentations in distilleries produced by mixtures of 
fungi also seem to b('> cases of symbiosis. Thc^ fungi transform the 
starch into maltose which tlu^ yeasts feruKait. A larger number of fc^r- 
mented beverages used in diiTcn-cmt coimtric's, r(‘Bulting from the fer- 
mentation of starch, seem to b(^ due to such symbiotic associations of 
yeasts and fungi. For exarnpki. Sake, an alcoholic drink prepanxl 
by the fermentation of ri(^(^, and used in Japan, is an example. This 
beverage is obtained by tlu^ act ion of diffcTent organisms, among which 
is Aspergillus oryzae and many 3’'(nist.H and molds. Th(^ starch of the 
rice is changed into maltose by Aspergillus oryzae and this sugar fer- 
mented by the molds and yeasts. Arrack, obtairu'd l)y t h(^ fermeritation 
of molasses and rice^ flour, is produceMl by an agent, made^ up e)f bae*,- 
teria, molds {CJilaniydonvimr oryzae, Rhyzopus oryzae) and twe) ye'iasts. 
The fermentation in Ijreriel senms te) result by the symbiotic actie)u of 
a yeast and bacteria. 

Anothe^r example e)f iho. same order* has l)eu‘n meritie)neHl by Lutz.^ 
According to this author, til)y, an a]e^e)holic drink of iho Mexicans, 
is produceel by tlie action e)f a yerist, IHchia Radaisiaj and a bac- 
terium B. mexiennuSj which live^ in symbiedie^ asBe)eration. The yerist 
living in contact with air is not ablei to ineluer^ fermentation. Asso- 
ciated with the ])acillus it brings abenit the aleohe)lic fermentation. The 
bacterium plays its only role in keeping thc^ ce)ncentratie)n of oxygen 
down. Lutz has been al)le te) bring about an (experimental symbiosis 
with P. Radaisia and /L subtUls. 

Another classic example of Bymbie)sis has bean obse^rved by Freu- 
denreich^ in kefir, the fermenteal milk. lie has isolat-eal 4 micro- 
organisms: 1, the kefir yeaxst; 2, Btreptococcus a whie*.h coagulates 
the milk; 3, Streptococcus b which posseisscs i)re)bably a lactase; and 
4, Dispora caucasica or Bacillus caucasiem whosei rede is not known. 
According to Freaulenreich, the yeaist does not posseass a lacbise and is 
thus unable to ferment lactose. This is accomplished by Sireptococ-- 
cus b. This is, then, a symbiotic association. Jorgensen has observed 
another yeast in kefir, S. fragilis, which possesses a lactase and is thus 

^ Lutz, L. Association symbiotiquo du Sacch. Radaisii. Bull dc la soc. myc. 
de France, 1906. 

2 Freudcnreich, E. Bakteriologische Untersuchungen tiber don Kefir. Cent. 
Bakt. 3, 1897. 
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able to ferment lactose. Beijerinck has also confirmed this. This 
author found S. Kephir. 

Sartory^ has recently described a yeast which sporulated only 
in the presence of a bacterium with which it lives. 

Rist and Khoury,2 on the other hand, have observed a similar 
phenomenon in the fermentation of leben, an Egyptian fermented 
milk. This fermentation is due to two yeasts, the S, lebenis and 
Mycoderma lehenis, and a bacterium Streptococcus lehenis. The two 
yeasts alone are not able to ferment the lactose. But, assocuated with 
Streptococcus lehenis, they bring about the fermentation of the milk. 
The bacterium seems, then, to act on the lactose in mine way to make 
it available for^the yeasts. 

Another very curious example of symbiosis is furnished by the 
parasites in that rare infection in man known as “ black tongue.” 
Guegen^s ® work seems to indicate that this disease is caused l)y a 
mold Oospora lingualis and a yeast Cryptococcus liriyuae-pilosae. The 
yeast functions only when it is in association with tlu'. mold. Tlu^se 
observations have been confirmed by the investigations of Thaon.^ 

Carpano ^ has reported that, in infections by Gryptococcus farcimi- 
nosuSj Staph, pyogenes aureus and Strept. adenitis equi arc found. Pos- 
sibly this is another symbiotic relationship. 

It may be possible to have symbiotic relations between certain 
yeasts and the cholera vibrio, for Metschnikoff has shown that this 
latter organism is favored by the presence of a Torula. 

One is able to cite many examples in which two forms of life are 
able to live together. However, up to the present time, wo have only 
observed symbioses between two yeasts or between a yeast and a bac- 
terium. It is possible to have symbiosis between two totally dif- 
ferent organisms, such as a yeast and an animal. Thus, Lindner ^ 
found Saccharomyces apiculatus parasiticus in an hemoptera, Aspidi- 
otus Nerii, in which it was always present without seeming to exer- 

1 Sartory, A. Sponilation d^une levure sous rinflucncc d’une ba(‘.t6ri(^ ('oinp. 
Rend, des Soc. Biol. 72, 1912. 

2 Rist, E. and Khoury, J. Etude sur un lait fermentd comestible. Cent. 
Bakt. and Leben d’Egypte. Ann. Past. Inst. 1902, 16. 

® Guegen, F. Sur Oospora lingualis et Gryptococcus lingualis. Arch, de 
Parasit. 1909, 12. 

^ Thaon, P. Symbiose de levure et Oospora dans un cas de langue noire. 
Soc. de Biologic, 67. 1909. 

® Carpano, M. The association of bacteria in Gryptococcus farciminosus in- 
fection. Ann. Ig (Rome) 28, 273-279. 1918. 

® Lindner, P. Das Vorkommen der parasitischen Apiculatus Hefe in auf 
Hefen schmarotzenden Schildlausen und deren mutmassliche Bedeutung der 
Nonneraupe. Wochen. f. Brauerei, No. 3, 1907. 
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cise any pathogenic role. Conte and Faucheron ^ Have aiso observed 
yeasts in the fatty tissue of female coccidia. They were led to regard 
this observation as a sort of symbiosis. 

This hypothesis has been confirmed by the investigations of Pier- 
antoni and Karl Sulc which, on account of their great biological in- 
terest, are important enough to mention here. All of the authors 
who have studied the adipose tissue of the homoptera have noticed 
the existence in those tissues of special organs which have received 
different names, depending on the insects in which they have been 
observed, but which seem to have a certain simi- 
larity; such are the pseudo- vitellius and green 
bodies described by Huxley, Lubhock, Balbiani 
and Henneguy in various Aphides, the polar mass 
observed by Heymons in the (^ggs of the Cicadides ^ ^ 

and the oval body found by Berlesc in the genus of 'ptyelm' limatm 

Dactylopius. The significance of these organs has 
remained unknown until the present time. How- 
ever it has been stated that they were cells witli (after Karel 

contents of fat droplets or protein grains. Some 
have stated that they served to control the revsorve products. 

The work of Pierantoni and Sulc, carried out independently at 
the same time, have shown that these organs, which appear to be in 
all of the homoptera, present the same structure and may be hornol- 


Fig, 53. — A, Larva 
of Pti/eliui lineatus 
with mycetorno M, 
B, Section of rnycc- 
torne of Ptyelm line-^ 
nkis (after Karel 
Sulc). 


ogous. 

These organs to the numl)er of two in each insect are situated on 
each side of the intestines of the insect quite near the reproductive 
organs (Fig.- 53, A). They arc made up of a mass of large cells with 
a yellow or greenish epithelial membrane. They contain an ameboid 
nucleus and a cytoplasm filled with small spherical or oval bodies. 
These bodies, regarded by some as reserve products (fat or proteins), 
in reality resemble the yeasts. These yeasts vary from one insect to 
another. Budding yeasts are especially found, among which is a 
variety already mentioned, Saccharomyces apiculatus parasitiem, 
Schizosaccharomyces and some yeasts related to these latter to which 
Sulc gave the name of Cicadomyces. 

These yeasts agree with those described by Lindner, Conte and 
Faucheron in the Coccidia and are encountered constantly, probably 
being handed down in the egg. The cells situated in the center of 
these organs divide regularly, and cause by their growth a shattering 
of the superficial layers which liberates the yeasts. These happen to 
come in contact with the ovaries and penetrate the egg during the 


^ Conte, A. and Faucheron, L. Presence de levures dans le corps adipeux 
de divers Coccides. Comp. Rend. Acad, des Sciences, 144, 1907. 
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process of its formation. They form a little mass at one of the poles 
made up of a few cells. This mass is soon surrounded by a number of 
cells resulting from the segmentation of the reproductive vesicles 
and of blastodermic origin. This polar mass remains distinct from all 
of the other organs during the development of the embryo. It is 
placed in the rear part of the abdomen of the growing cells, the yeasts 
penetrating into their interior until the mass parts into two bodies 
which take positions on both sides of the intestines as described above. 

Sulc and Pierantoni have been then led to conclude that the 
pseudo-vitellius, green body or oval body constitutes organs resulting 
from a sort of inflammation produced by these yeasts on the blasto- 
dermic cells in the course of segmentation. Sulc has designated them 
as mycetomes, reserving the name mycetocytes for the same cells filled 
with yeasts. 

Both of these investigators admit that the yeast found in the 
mycetomes is hving in symbiotic relation with the insect. At first 
the yeast was probably a parasite but a continued association with the 
insect brought about a symbiotic association. According to Sulc the 
mycetomes play a similar r61e to that of the lymphatic ganglions. 
They protect the insect from the invasion of bacteria, by means of 
the yeasts which are contained in their interiors, for it has been shown 
by the investigations of Haydruck and Fernbach that they are germi- 
cidal. On the contrary, Pierantoni ^ believes that the mycetomes play 
a r61e in digestion. The homoptera live on vegetable sap and take in 
much starch and sugar. Part of these hydrocarbons is assimilated, 
the rest remaining in the intestinal tract to be finally eliminated. This 
author thinks that the yeasts in the mycetomes serve in the assimila- 
tion of the carbohydrates and in the transformation to carbon diox- 
ide and alcohol. This question apparently needs further study. 

Vandevelde^ has paid considerable attention to the question of 
S 5 niibiosis in yeast. He has carried rather extensive investigations. 
When certain yeasts fermented together, the fermentation was car- 
ried on to a further degree. The conclusions which this author draws 
from his investigations are that mixed yeasts give better results than 
pure cultures in the fermentation industries. It is interesting to 

' ^ Pierantoni, U. L’origin di alcuni organi d’Icerza perchasi e la simbiosi 
eredaria. Bull. Soc. Napoli, 23, 1909; Origine e struttura del corpo ovale 
del Bactylopius citri e del corpo verde delF Aphis brassicae. Ibid. 24, 1910. 
Ulteriori osservazioni sulla simbiosiereditaria degli omotteri. Zool. Auz. 36, 
1910. 

^ Vandevelde, A. J. J. Chemical phenomena in the symbiosis of yeasts. 
Rev. Gen. Chim. 18 (1915), 88-95; On symbiotic life of yeast races. Original 
Communications, 8th International Congress of Applied Chemistry, 14 (1912) 
191-202. 
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wonder whether symbiosis in yeasts may not be explained in part on 
the basis of vitamines, as has been suggested by certain pieces of 
research for the bacteria. 

Vitamines in Yeast : The importance of ''accessory substances,” 
the so-called " vitamines,” in the treatment of certain deficiency 
diseases, has caused investigators to examine different substances for 
them. While our knowledge, with regard to vitamines, seems to be 
in a transitory state, it may be advisable to mention a few of the 
more important papers on the presence of them in yeasts. Funk ^ 
isolated 2.5 grains of vitamine fraction from 100 kg. of dried yeast. 
When this was injected in the muscle of a pigeon suffering from poly- 
neuritis, complete recovery followed. This original substance was fur- 
ther fractionated. Some of these were thought, at that time, to be 
nicotinic acid. Seidell ^ found that brewers' yeast was the cheapest as 
well as the richest source of vitamines. The yeast cells are dried hy- 
draulically and allowed to autolyze at 37.5° C. for 48 hours. After 
cooling, the liquid is filtered. In this clear filtrate will be found about 
50 per cent of the raw material, and 23 per cent of the total solids. 
One cc. of this injected into a paralyzed pigeon caused relief in an 
hour and a return to normal condition in 12 hours. Seidell ^ stated 
later that the autolytic process influenced the power of the vitamine. 
Emmett and McKim ^ found that the yeast vitamine of Seidell should 
be accompanied by vitamine containing foods in order to accomplish 
normal gains in weight and complete recovery. Hawk ^ and his col- 
leagues, in another connection, have found that yeasts are decidedly 
beneficial for treating skin diseases. Improved conditions resulted 
in many cases from ingestion of yeast, where autogenous vaccines 
caused no relief. In many cases there was a general improvement in 
the condition of the patient " quite unassociated . . . with the partic- 
ular disease in question.” This might indicate that some essential 
or beneficial substance was added to the diet through the ingestion 
of the yeast. 

That vitamines may be necessary for the development of yeast, 

1 Funk C. Studies on Beri-beri. Further facts concerning the chemistry 
of the vitamine fraction from yeast. Brit. Med. J. 1913, I, 814. J. Physiol. 46, 
173-9. 

2 Seidell, A. Vitamines and nutritional diseases. Public Health Reports, 
31, 364-70, 1916. 

3 Seidell, A. The vitaminic content of brewers' yeast. Jour. Biol. Chem. 
29, 145-54, 1917. 

Emmett, A. D. and McKim, L. H. The value of the yeast vitamine frac- 
tion as a supplement to a rice diet. J. Biol. Chem. 32, 409-19, 1917. 

5 Hawk, P. B. al. The use of bakers’ yeast in the diseases of the skin and 
of the gastrointestinal tract. Jour. Amer. Med. Assn. 69 (1917), 1243-1247. 
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seems to be indicated by the investigations -of Williams ^ and Bach- 
mann.2 Williams presents data to show that water-soluble vitamine 
may be necessary for the growth of yeasts themselves. Williams used 
the development of a single cell of yeasts as the indication of the 
presence or absence of vitamine. Substances which were known to 
be rich in vitamine were also found to be rich in the yeast growth-pro- 
moting substance. Williams believes that these substances which 
stimulate yeast development are the same as those which prevent 
beri-beri. In a synthetic solution alone, a cell of yeast developed very 
slowly. Under identically the same conditions, with the exception of 
the addition of one part in 60,000 of growth-promoting substance, 
many more cells were formed from the single cell. Bachmann found 
that water-soluble B vitamine was quite necessary for vigorous de- 
velopment of a yeast isolated from canned pears. Both papers bear 
out the contention of Wildier,^ an earlier worker, who found that some 
substance, to which he gave the name bios,’^ was necessary for vig- 
orous development of yeasts. 

^ Williams, R. J. 1919. The Vitamine Requirement of Yeast. A simple 
biological test for vitamines. J. Biol. Chem. 38 (1919), 465-86. 

2 Bachmann, F. M. Vitamine Requirements of certain yeasts. J. Biol. 
Chem. 39, 235-58; 

^ Wildier, E. Nouvelle substance indespensible au developpement de la levure. 
La Cellule, 18 (1901) 313. 



CHAPTER V 


ORIGIN OF THE YEASTS, THEIR POSITION IN CLASSY - 
FICATION OF THE FUNGI AND THEIR 
SYSTEMATIC RELATIONSHIPS 


ET us now consider the morphological, cytological, and physi- 
I . ological characteristics of the yeasts. It is irdcresting to com 
^ sider the place which they hold in the classification of the fungi. 
It has been stated, at the l)eginning of this book, that the sporangium 
of the yeasts is comparable to the asc in the Ai^cottiycHcH, It now re- 
mains for us to discuss the reasons for wishing to im^orporatci the 
yeasts under the Ascomycetes. Although tliis is (k^finitely scdthnl to- 
day, this question has been the object of such polemics tluit they are 
worthy of our attention. 


(A) Historical 

The question of the position of the yeasts in classification of the 
fungi has remained unsolved for (|uit(^ a jxniod of tinoe. Do tlie ycMists 
make up an autonomous species or do tiuy simply n'pn^sc^nt a stage 
in the development of the filamentous fungi, more advanccnl, which 
exist during the fruit season as yeasts, and during the winter as myce- 
lial fungi? It is easy to observe the different stagers in thc^ life history 
of yeasts, the stages of budding and sporulation ; but it has not been 
shown that the culture in artificial media presemts the whole life cycle 
and that it may not be more complex in nature. Thus, we hav(^ mon 
in the early part of this book that many fungi pn'scuit yejist-like 
structures during some stage', in their life cycles. Sucli is the (luestion 
that arose in the days when Pasteur worked and which ought to l)e 
answered in our day. 

The subject is rendered more complex by the fact that little is 
known about their origin and life cycles. It is known that beer 
yeast has been handed down from brewery to brewery from time im- 
memorial, and that other industrial yeasts used today may have their 
beginning in early Egyptian history. The domestic yeasts by con- 
•tinued cultivation by man may have been reduced to a (;onstant form 
of a yeast. Such is not the case with wine yeasts. These exist 
naturally on the surface of the grapes and it is only necessary to 
press out the juice which will soon ferment. But where does this 
yeast come from which is on the surface of the grape? 

131 



132 


ORIGIN OF THE YEASTS 


Pasteur ^ was one of the first to attempt to answer this question. 
He began in 1875 a series of investigations to find out whether the 
yeasts could be isolated from the skin of the grapes and whether 
they w^ere present only at one time of the year. At different times 
in the year he placed pieces of the vine and grape leaves in tubes of 
sterile wort. This experiment indicated that during the autumn the 
yeasts existed on practically all parts of the plant and that they 
were very unequally distributed on the grapes themselves. He fur- 
ther showed that the yeasts were present only during the period of 
maturity in the grape, and that it was not present at other times. 
The yeasts were found to be present during the fall, to gradually 
disappear during the winter. 

Where do these yeasts come from? In what form do they pass 
the winter? The problem is an intricate one. Pasteur has remarked, 
however, that the yeast is always associated with another fungus, 
Dematium pullulans which, according to him, is present on the grape 
vine during the whole year. Pasteur thus thought that possibly this 
Dematium pullulans developed into the yeasts, and this theory seemed 
more plausible when it is remembered that this fungus has yeast-like 
stages in its life cycle. This idea of Pasteur’s corroborated the 
assertions of the botanist Brefeld for whom the yeasts were only de- 
velopmental forms for more complex fungi as the Ustilagines, Pas- 
teur expressed it thus: “The yeast cells originate from little browm 
bodies (cysts of Dematium) which the microscope demonstrates so 
abundantly among the pollen of fruits.” Pasteur soon gave up this 
idea, especially when the celebrated Chamberland showed that these 
yeasts of Dematium did not produce alcoholic fermentation. 

This opinion has been especially maintained by Jorgensen.^ Ac- 
cording to this author the yeasts spring from yeast-like structures 
of Dematium pullulans as was thought by Pasteur. These were re- 
garded as being constantly present in the atmosphere, and on the parts 
of grape vines, etc. These are supposed not to develope into the true 
Saccharomyces capable of producing alcohol and forming endospores. 

Somewhat the same idea is expressed by Jtihler who observed a 
fermentation in a flask of rice starch inoculated with Aspergillus 
oryzae which serves the Japanese in making sake. Jorgensen, also, 
believed a relation between the conidia of this fungus and the true 
yeast. This assertion has been sustained by Sorel.^ 

^ Pasteur. Etude sur la bite, 1876. 

2 Jorgensen, A. Der Ursprung der Hefen. Cent. Bakt. 2, 1895. Ueber 
Ursprung der Alkoholhefen. Ber. d. Garungsphysiol. Lab. von Jorgensen. Copen- 
hagen, 1, 1895. 

3 Sorel. fitude sur V Aspergillm oryzae. Comp. Rend. Acad. Sciences, 121, 1895, 



HISTORICAL 


133 


The investij 2 ;ations of Seiter ^ and especially those of Hansen, 
Klocker ^ and Schionning hav(^ established with a remarkable pre- 
cision that these investigators were led astray l)y impurities in their 
cultures. They havc^ shown that the yeast-like structures of De/ma- 
Hum never sporulate, and that the leavening agent of sak6 consists, 
besides Aspergillus oryzaej of a yeast in no way related to the mold 
which induces the fermentation. The sanies authors have made 
repeated experiments to changes ycuists into molds and molds into 
yeasts under conditions such as those which ol)t.ain in nature. They 
have never secured reliable results. 

However the (piestion of tlu^ origin of th(^ yeasts from molds has 
been raised anew l)y the investigations of Viala and Pacottet ^ on 
Gloeosporium (xmpdophagum and (rloeosporium 7ieruisequunL One of 
these fungi, GL 'nerviseqiumi j)r(^sents perith(‘.cia which have been ol)- 
served by Klcd)ahn who lias classed it among the Ascomycetes spheri- 
ceae. Thc^ otiu'r, the Gl. (vmpxdophagimij on account of the presence of 
pyknicU^s, organs characteristic for the Spfurriaceae, has also been 
placed in tlu^ same family of ascomycetes although perithecia have 
never btuui oliservcnl. According to Viala and Pacottet these two 
microorganisms ar<^ able to dev(^lop, when placed in suital)l(‘ nutrient 
media, into trvu^ yeasts, capable', of S(‘.tting up the alcoholic fermenta- 
tion and forming endospon's idcmtical in all respects with those 
formed liy Saccharo-mycetes, Th(‘S(^ yc'asts Ix'come fixcxl after culti- 
vation in th(^ same medium, and find it impossible to return to the 
mycelium state. Viala and Pacotted, concliuU^ that yeasts originate at 
the expense of mor(^ highly dcweloped fungi and think that, if it is im- 
possible to change tlui irulustrial yeasts into mycelial conditions, it 
is due to a long ('.xistcaice in the state of yeasts and it has become im- 
possible to change. Thus according to these investigators the yeast 
sporangium may not possc'ss the valium of the asc l)ut the endospores 
may result from an (^lujystment of protoplasm without otlier mor- 
phological significancie. 

Guilliermond ^ in studying this question and trying to reproduce 
the results of Viala and Pacottet established that impurities in cul- 

1 Setter, O. Studicni U. d. Abstammung d. Saccharoinyceten. Cent. f. Bakt. 
2, 1906. 

2 Klocker, A., and Sehicinning, XL Que savons-nous sur rorigine dcs Sac- 
charomyceten. (1 H. du Jjab. dc Carlsberg, 55, 189(). 

3 Viala, I^. and Pacottet, P. Nouvelles ro.ehorches sur rAnthracnose. Ilev. 
de viticulture, 1905. Levures ct kystes dcs Gloeosporium. Ann. Inst. Agr. 5, 
1906. 

^ Guilliermond, A. A propos de Torigine dcs levures. Ann. mycologici, 5, 
1907; Recher(*he8 sur le dev. du Gl, nermsequum et sa pretendue transformation 
en levures. Itev. gen. de Botanique, 20, 1908. 
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tures could explain the results of these two workers. ' In repeating the 
investigation on GL nervisequum he showed that this fungus never 
produced the yeast-like structures when grown in certain media. 
On the other hand, he established that the yeasts which these workers 
thought they observed as derivatives of GL nervisequum present the 
same characteristics as the yeast-hke structures of a species of De- 
7natium which he observed in the earlier inoculations of the Gloeo- 
sporium. This Dematium exists on all of the leaves of the plane tree 
and develop, almost always, in a state of impurity in the first arti- 
ficial cultures of GL nervisequum. Then, to such data, Guilliermond 
attributes the conclusions of Viala and Pacottet. As for the endo- 
spores described by Viala and Pacottet in the yeast structures, they 
may have been simply fat droplets from old cells of Dematium which 
by the size and regular positions resemble the endospores of yeasts. 
Whatever is the case, it is definitely estabhshed that GL nervisequum 
does not form yeasts 


(B) Studies in Life Cycles of Yeasts in Nature 

This conclusion on the transformation of yeasts is fully confirmed 
by the careful investigations of Hansen ^ on the life cycles of yeasts. 
The first observations of this author date back to 1881, and are con- 
cerned with Saccharomyces apiculatus. This yeast is particularly 
adapted to life history studies on account of the special form of its 
cells. (Fig. 6.) Hansen observed that this yeast existed on many dif- 
ferent fruits and that it was found only on the walls. It was only 
present on the fruits and not on other parts of the plant. It appears, 
then, that it lived only where there was sugar or where it was able to 
multiply. 

Hansen thought that the rain and decay of the plant carried this 
to the ground on which fruit trees grow. It seems, then, that this 
yeast is able to hibernate in soil near fruit trees. If samples of this 
earth are taken in the springtime, S. apiculatus is always found. Finally 
to prove this hypothesis, he inoculated soil and left it out through 
the winter. From time to time, he sampled this soil and always 
found Saccharomyces apiculatus. Hansen has thus demonstrated that 
Saccharomyces apiculatus is able to perpetuate itself in the soil from 
year to year. 

1 Hansen, E. Recherches sur la physiologie et la morphologie des ferments 
alcooliques. Snr le S. apiculatus et sa circulation dans la nature. Comp. Rend, 
du lab. de Carlsberg, 1, Livr. 4, 1881. Nouvelles recherches sur la circulation du 
S apiculatus dans la nature. Ann. des. Sc. nat. et botanique, 7th Series, 1890. 
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On the other hand, he has shown that it passes the winter in the 
soil, for he examined other substances such as dust, dried fruit, ani- 
mal excrement and never found this yeast. 

The investigations of Muller-Thurgau^ and Berlese^ indicate 
somewhat the same things. Berlese lias found, in April and June, 
Saccharomyces apiculatuSj elUpsoideus and Pastorianus in the earth 
of vineyards and orchards. These yeasts were found down to 12 or 
13 centimeters in depth and seemed to be equally distributed in both 
sunny and shady places. This is interesting for it shows the resist- 
ance of these yeasts to sun and light. Berlese has also found S. 
apiculatus on the bark of oak and olive trees, and also in the nectar 
of flowers. 

Hansen ^ has undertaken, in recent years, a study of the life cycle 
of yeasts in nature to find out whether all of the yeasts behave like 
S. apiculatus. He used various yeasts in this investigation and 
experienced some difficulty, for the shapes of the various yeasts did 
not lend themselves to a ready recognition. They were very easy 
to confuse with the yeast forms of Dematium and other fungi. Only 
one character was available and that was the formation of endospores. 

In his recent investigations, Hansen investigated the presence 
of yeasts in the soil about Copenhagen and whether they were present 
at all periods of the year. These environs included many orchards, 
gardens and vineyards. He was scarcely able to find a spot which 
did not contain yeast. They were almost always present in the sur- 
face layers and scarcely at all in the deeper layers; at all times of 
the year he was able to isolate them. The soil in vineyards and or- 
chards was plentifully supplied with them but they diminished in 
numbers as one went away from the orchards. Thus, in 100 analyses 
of soil under fruit trees, 67 showed the presence of yeasts; away from 
such places in fields, only 19 per cent of the samples indicated the 
presence of yeasts. 

Hansen has also observed yeasts in the soils of beech, fir, pine 
and oak groves but much less numerous than in fruit groves. Only 
30 per cent of the samples yielded the presence of yeasts. Such 
yeasts belonged to special genera such as Pichia membranefaciens 
and Willia anomala. 

1 Muller-Thurgau, H. Ueber den Ursprung der Weinhefe. Weinbau Weinh. 
No. 40 and 41, 1889. 

2 Berlese, A. Verhalten des Saccharomyceten an den Weinstocken liber die 
V6rteilung der alkoholischen Fermenten in der Nature. Ueber die Transport- 
mittel der alkoholischen Fermente. Rivista di patol. vegetale 5, 1897. 

3 Hansen, E. C. Neue Untersuchungen liber den Kreislauf der Hefenarten 
in der Natur. Cent. Bakt. 10, 1903. Ueber die Brutstatten der Alkolholgarungs- 
pilze oberhalf der Erde. Cent. Bakt. 14, 1905. 
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These investigations indicate that all of the yeasts studied by 
Hansen have a life history identical with that of S. apiculatus. The 
yeasts hibernate in the soil. They seena to differ only in their distri- 
bution. Hansen explained this on the basis of spore formation, as- 
suming that yeast which formed no spores would be killed. On the 
other hand, thanks to the presence of spores, the yeasts live a longer 
time than S, apiculatus in the ground water which carries them for 
longer or shorter distances. 

It is then necessary to determine the method by which the yeasts 
are transferred from the soil to the fruit skins. Transportation 
through the air seems to play an important role. Chamberland has 
observed that there are many yeasts in the air especially during sum- 
mer and autumn. One may detect them at the other seasons but 
they are not so common. From this the yeasts seem to be less 
abundant during the rainy seasons of the year. Hansen ^ states that 
yeasts ’are always found in the atmosphere but in different numbers. 
Their number seems to be increased during June to August and es- 
pecially at the beginning of September. During the other seasons, 
one may not find them as readily. Berlese did not find any 
yeasts in the air during April and May but was able to find S. 
apiculatus in the beginning of June and during July. Thus it seems 
that the air may be an important factor in transporting the yeasts 
from the groimd to the fruit. On this, they find a higher tempera- 
ture and more favorable environment and develop to maturity. The 
presence of yeasts, then, in the air seems to be a function of two fac- 
tors: first, an active development of these organisms on the skin of 
the fruit and, secondly, an absence of rain. 

Boutroux^ has shown that insects play an important role in the 
distribution of yeasts. He disclosed the presence of yeasts on various 
insects (mosquitoes, wasps, bees, gnats and ants). Saccharomyces 
cerevisiae, ellipsoideus and Pastorianus were demonstrated. Wort- 
mann and Berlese have observed the same things and regard the insects 
as the important mode of distribution of yeasts from grape to grape 
and from vine to vine. In this way, Berlese explains the presence of 
S, apiculatus in the nectar of flowers which has been visited by 
Vespa crahro in which he has observed the same yeast. He does not 
regard the deposition of the yeasts by the insects’ feet with much favor 
but points out that the yeasts are able to pass through the intesti- 

^ Hansen, E. C. Recherches sur les organismes qui a differentes epoques de 
Tannee, se trouvent dans Tair k Carlsberg et anx alentoirs. Comp. Rend, du 
lab. de Carlsberg, 1, 1882. 

^ Boutronx, L. Sur Thabitat et la conservation des levures apontanees. Bull, 
de la Soc. Linn, de Normandie, 3rd Series, 7, 1883; Ann. des Sc. nat. Bot. 17, 1884. 
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nal canal without harm. The intestinal canals of certain diptera 
seem to be the normal habitat for certain yeasts; in fact, he has ob- 
served S. apiculatus and ellipsoideus. Such conclusions are in accord 
with the work of Neumayer, who has demonstrated that yeasts are 
very resistant to digestive juices. It is well to point out that this 
means of dissemination is not mentioned by other authors, Hansen, . 
for instance. 

(C) Morphological and Cytological Investigations on Yeasts 

It has just been stated that, under no circumstances, are we able 
to transform yeasts into molds, or a mold into a true yeast; this has 
not been observed in nature. Hansen did not hold this view and re- 
garded the yeasts as an autonomous group of fungi, Ascomycetes. 

Such an hypothesis was not a new one. Before this, Reess and 
de Bary had suggested this idea and noticed the superficial similarity 
between the asc of the yeasts and the sporangium of the molds. The 
asc is a single character which distinguishes between the true yeasts and 
yeast-like structures of other fungi. So little was known, then, about 
the cytological characteristics of the asc that it was difficult to make 
any definite statements. 

• For a long time this morphological problem remained untouched. 
Were the sporangia of yeasts similar to the ascs of the Ascomycetes 
as was maintained by Hansen? Or, should we regard them as approach- 
ing more closely the sporangia of the Mucors, as was thought by 
Brefeld? Do the yeasts represent a bona-fide group of fungi or are 
they developmental forms of the molds? These questions remained 
unanswered. One may always suppose that the yeasts resulted from the 
molds by some process, hitherto unobserved, and that they have lost 
the possibility of returning to the state of a mycelium. We have 
negative proofs in favor of the autonomy of the yeasts. 

But in these later times, new facts have been discovered. It has 
been shown in the preceding chapter that the cytological studies 
on the asc and the discovery of sexuality in yeasts have furnished 
definite proof of the ascogenous nature of the sporangia of yeast, and 
have proven the relationship of the fungi to the Ascomycetes} 

^ It might be well to point out that what distinguishes the group of Ascomy- 
cetes is their possession of an asc enclosing from 4 to 8 ascospores. The asco- 
spores are differentiated on the interior of the asc only at the expense of part of 
the protoplasm. The rest, or epiplasm, is absorbed by the ascospores when they 
develop. Among the lower ascomycetes (Endomycetes) the ascs form only at 
the expense of terminal cells on the filaments. Among the higher Ascomycetes, 
they are united in great numbers in organs called perethecia. 

A sexual process, rudimentary in certain types, always intervenes in the origin 
of the yeasts. Among the Exoascee there is a simple nuclear fusion. Among the 
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The investigations of Guilliermond ^ have indicated that by the 
morphological and cytological characteristics, the sporangium of the 
yeasts presents a remarkable similarity to the ascs of the Ascomycetes. 
The ascospores develop by the same process. 

The ascospores in certain yeasts present, on the other hand, 
characteristic forms absolutely analogous to the ascospores of cer- 
tain Ascomycetes. Thus it is that the ascospores of Willia anomala 
are identical with those of Endomyces decipiens, Endomyces fihuVger 
and Ascoidea rvbescens. Those of Willia saturnuSy Schwanniomyces 
ocaidentaliSy Deharomyces globosuSj Monospora cuspidata, Nematospora 
coryli have forms which suggest very strongly those of certain ascomy- 
cetes. Without doubt, the number of ascospores in the sporangium 
of a yeast is variable although it is constant for an asc. How- 
ever, one notices that the number of ascospores tends to become 
fixed in an asc in most of the yeasts while with some, it remains 
variable. Thus it is that in Schizosaccharomyces the number 4 or 8 
is usually seen. In Saccharomyces Ludwigii the ascospores are con- 
stantly present to the number of 4. Even in those cases in which 
this varies, there is a shght tendency for it to become fixed. 

Finally, the discovery of a copulation in the origin of the asc in 
Schizosaccharomyces y the Lygosaccharomyces and Deharomyces globo- 
sus which absolutely resembles that of certain Ascomycetes {Bremas- 
cus and End, Magnusii) furnishes a strong argument in favor of 
their homologation. The existence of this copulation, together with 
morphological and cytological characteristics of ascs of yeasts, suffices 
to demonstrate their place with Ascomycetes. The question of the 
origin and systematic relationship of the yeasts is definitely settled 
today. The Saccharomycetes constitute an autonomous group of lower 
Ascomycetes. It has been stated that among the true yeasts which 
form ascs, there are some which do not sporulate; such are the My- 
coderma and Torula. But, as will be pointed out further on, many 
of the yeasts are able on account of special conditions, to definitely 
lose their property of sporulating. It is possible that these are true 
Saccharomycetes having become asporogenous but it is also possible 
that they are derived forms from molds fixed in the state of yeasts. 
The question of their origin and their position in classificatory sys- 
tems is then not settled. Ought we to separate the family of Sac- 
charomyces in which are the true yeasts? 

higher Ascomycetes, less is known. According to Harper, it consists of a true 
copulation to give the perethecia; according to Dangeard, it is simply a nuclear 
fusion. The question is still very obscure. Among the Endomyces, copulation 
is very clear. 

1 Guilliermond, A. L’origine des levures. Annales mycologici, 5, 1907. 
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Phylogeny of the Yeasts. Their Affinities in the 
Group of Ascomycetes 

What place, in the classification of the Ascomycetes, shall the 
yeasts occupy, what are their relationships to the other Ascomycetes? 
We shall now take up that question. Up to recent times, it seemed 
incapable of being answered. 

The species of Exoascus are filamentous fungi, in which certain 
terminal cells form octosporous ascs after a fashion comparable to 
those formed by the yeasts. The ascospores germinate, producing 
generations of yeasts. It is evident that, by the characters of their 
ascs and the shape of the yeast-like structures to which they give 
birth, they are like the Saccharomyces. They differ in the presence 
of a typical mycelium. But we have seen that the yeasts themselves, 
under certain conditions are able to manifest a tendency, more or 
less marked, to vegetate with a mycelium. The investigations of 
Dangeard and Ikeno have shown that the asc in Exoascus possesses 
two nuclei at the time of its formation, and these fuse into one hav- 
ing the nuclear divisions necessitated by 8 ascospores. Dangeard 
regards this fusion as karyogamy and the equivalent of fecundation 
but the interpretation of this process remains very much discussed. 
The yeasts are closely distinguished from Exoascus in that they show 
no nuclear fusion in the asc. It is true that in a few varieties, the 
asc results from a true copulation but in all of the varieties in which 
this phenomenon is lacking one is unable to detect nuclear fusion. 
Then, from this point of view, the yeasts resemble Exoascus. 

On the other hand it has been noticed for a long time that the 
family of Endomyces includes varieties related to the yeasts. But 
our information with regard to this group has remained very vague. 

Recent investigations by Guilliermond ^ have allowed us to fill 
this gap in our knowledge and at the same time determine the sys- 
tematic relationships of the yeasts. The results of these investiga- 
tions are sufficiently important to receive more extended treatment 
at this time. The family of Endomycetes presents only a small num- 
ber of representatives in which the genera Eremascus and Endomijces 
are best known. We shall take up some of the shapes of these genera. 

Only two genera of Eremascus, the E. albus and E. fertilis, re- 
cently discovered by Stoppel, have been known up until recently. 
The former is not well known; the latter has been subjected to a 
conscientious investigation by Stoppel whose results were confirmed 
by Guilliermond. The mycelium of E. fertilis presents cells which 

^ Guilliermond, A. Recherches cytologiques et taxonomiques sur les En- 
domyc^t^es. Rev. g. de Botan. 26, 1909. 
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are generally mononuclear. It never produces conidia but, on the con- 
trary’', forms a rather large number of ascs. These are derived from 
an isogamic copulation which is accomplished, usually, between two 
contiguous cells in the same filament. The two cells unite by means 
of little canals playing the role of gametes, which anastomose, form- 
ing in this way, a sort of bridge between the two cells. (Fig. 54.) 
The wall which separates the two cells at the middle of the copula- 
tion canal is not slow to break dowm. Part of the cytoplasm enters 

the canal from each cell and forms 
a swelling at the middle of the 
copulation canal which becomes 
the zygospore. At this moment each 
of the cells divides its nucleus. 
One of the daughter nuclei thus 
formed remains in the cell and the 
other passes into the zygospore. 
(Fig. 54.) There the two sexual 
nuclei fuse and develop into a single 
large one. As this proceeds the 
zygospore forms a wall which sepa- 
rates it from the two threads which 
formed it. From this the zygo- 
spore grows and develops into an 
octosporous asc quite similar to that 

Copulation and Formation of Ascs ^ yeast. The ascospores are 
in Eremascus fertilis; 1 and 2: Be- enveloped as those of Saccharomyces 
ginning of Copulation between Two « ? ^ j i 

Contiguous Cells; 3 and 4: Copula- QUttuLatus by a double membrane 

tion; 5^ Demarcation of the Asc; in which the external one breaks 
6 and /: Formation of the Asco- . -i. .Li- • 

spores. fhe moment of germination. 

They germinate directly into a 
mycelium. It cannot be refuted that Eremascus resembles the yeasts; 
its ascs present the same characteristics as those of the yeasts and 
result from a copulation which is able to be approached by cells 
which one sees in the Zygosaccharomyces and Schizosaccharomyces, 
By the copulation which precedes the formation of the ascs, many 
yeasts are similar. In most of the yeasts, it is true, copulation differs 
from that of E. fertilis in that it is incomplete and ends in the for- 
mation of an asc having the form of a dumb-bell; Schizosaccharomyces 
octosporus offers an intermediate stage between the copulation of Ere- 
mascus and that of the yeasts. In this yeast, copulation is more 
often complete and produces a large oval cell which is transformed 
into an asc. In this case, copulation is absolutely homologous to 
that of E, fertilis. In reality, E. fertilis differs especially from the 
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yeasts in that yeasts are reduced to the state of isolated cells while 
the E. fertilis remains in a mycelial condition. 

With the genus EndomyceSj one begins to approach the yeasts. 
Endomyces jihidiger, discovered by Lindner, shows striking resem- 
blances to Eremascus fertilis. It differs, however, 
by that fact that the mycelium formed from 
uninuclear cells gives birth, by budding, to a 
series of yeast-like structures (Fig. 55) which sug- 
gests that this fungus is intermediary between 
the yeasts and Eremascus. Under certain con- 
ditions, it is able to vegetate exclusively with the 
form of yeasts. E. fibuligerj on the other hand, 
produces conidia which form themselves by l)U(l- 
ding and arc able to be compared, to a certain Fig. ■— Mycc^Iium 
extent, with the “durable c(hs of yc^ast. Finally, 
it furnished numerous ascs very similar to those Nurubc'r of Yoast- 
of Eremascus which contain only 4 ascos[)()r('s. 

These ascs are formed often simply by budding of the (dennents, but 
in many asces, they form after attempt-s at. copulation at the expense 

of an anastomosis which occurs be- 
tween two neighboring ccdls taking 
place in the following manner: Two 
units of the mycelium send out little 
rootlets, Th(\s(^ anastomose but the 
wall which is formed between them 
does not break down and, in. many 
cas(vs, th(ire is no mixture of the cell 
contents. Generally one of the pro- 
tuberances stops d(W(doping, the other 
elongates, bemds its(df toward the first 
and forms by a swelling, a tetrasporous 
asc. (Figs. 5(), 1, 2, 3, 5, and 6.) In 
the meantime the two rootlets d(welop 
into an asc. In some cases, the two 
protuberances progress side by side. 
Fig. 56. — Different Stages in the without anastomosis, each forming a 
fibuliger. Swelling which becomes the mother 

cell of an asc; these two cells, thus 
formed, bind themselves one to the other by a sort of copulation 
canal in which the wall is not broken down. It also happens that 
the extremities of a filament, formed by the walling off of a chain of 
cells which swell up, transforms itself into an asc. Often, in this 
case, anastomosis is often noticed binding the ascs two by two. 
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• These anastomoses prove then, that, although sexuality may have 
disappeared, there seems to be a rudimentary sexual attraction quite 
comparable to the phenomena which have been observed in certain 

yeasts {Schw, occidental 
liSy yeasts of Rose and 
Dombrowski, etc.). 
However when one 
compares these anas- 
tomoses with the sexual 

production of Eremas- 
cus fertiliSj he is struck 
by the resemblance 
which exists between 
the method of forma- 
tion of ascs in these 

Fig. 57. — A. Showing Copulation and Asc Formation fungi (Fig. 57). 

in Eremascus fertilis; B, The Same for Endoniyces In one and the other, 

fibuhger. contiguous cells 

produce protuberances which seem to search for each other. With 
Eremascus fertilis, they reunite 
to form an egg while in E. 
fibuliger they constantly fail in 
their attempt. (Fig. 57, A 
and B.) It is not doubtful that 
the anastomosis which precedes 
the formation of the asc in the 
latter fungus represents traces 
of an ancestral reproduction 
analogous to that which occurs 
in Eremascus fertilis to which 
E, fibuliger is closely related. 

We may then regard E, fibuliger 
as a form derived from a genus 
neighboring Eremascus fertilis. 

The ascospores have the same 
form as those of Willia anomala; 
they are hemispherical and pro- 
vided with a projecting color 
giving them the appearance of 
a hat. On the other hand, 
they are supplied, like those of E, fertilis, with two membranes. The 
external membrane is burst during germination. The ascospores ger- 
minate either in the form of yeasts or with a mycelium. 





Fig. 58. — Endomyces capsularis. 

1, Fragment of the Mycelium Showing the Formation 
of Yeasts. 2 and 3, Fragment of the mycelium Pro- 
ducing Ascs. 
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EndomAjces fibuliger ^ constitutes a link between Eremascus fertilis 
and Endomyces H or del recently described by Saito. This last-men- 
tioned species has the same characteristics as Endomyces fibuliger 
with the exception that no conidia, but only yeast forms, are found. 
It forms ascospores in the shape of a hat but these ascs result from 
simple budding of the mycelium without presenting an anastomosis. 
All traces of sexuality have disappeared. The ascospores have a 
double membrane and germinate by simple Inidding. Endomyces 
Hordei represents a higher step in the parthenogenetic evolution than 
seems to have taken place in the descendants of Eremascus, 

With Endomyces capsularis, discovered 
a few years ago by Schionning*^ we have 
a similar species but one more closely con- 
nected to the yeasts. This fungus also 
has a branching mycelium with septa 
made of cells with one nucleus and which 
form numerous yeast bodies by budding. 

These, however, are much larger in number 
than in Endomyces fibuliger and Endomyces 
Hordei, Endomyces capsularis also has 
ascs with its ascosponvs poss(\ssing a 
double membrane and germinating either 
into yeast bodi(\s or a mycelium. The 
ascs are formed as in Endomyces Hordei 
by a sort of l)ud(ling of the cc^lls or of any 
cell in the mycelium without any anas- 
tomosis. 

End. jamnemis, described by Klbcker,* irlSj/a* MmIuSi 

offers a form of transition more disputed in the of Bnuiking 

between Endomyces and the yeasts. The 

mycelium is greatly reduced and yeast forms predominate. The ascs, 
always parthenogenetic, form indifferently at the expense of some 
cells in the mycelium or of a yeast cell. They include a single asco- 
spore much like the ascospore of Boh. occidentalis. They germinate 
either into the form of yeasts or a mycelium. This fungus presents, 
then, such great resemblances to the yeasts that it is difficult to know 
whether it should be classed among the Endomyces or among the 



^ Lindner, P. Endomyces fibuliger, n. sp. einer neuer Garungspilze und Erzeuger 
des sog. Kreidekrankheit des Brotes. Woch. Baruerei, 24, 1908. 

2 Schidnning. Nouveau genre de la famille des Saccharomycetees. Comp. 
Rend. trav. lab. Carlsberg, 6, 1908. 

^ Kl5cker, A. Endomyces javanensis, nov. sp. Comp. Rend, des trav. du 
lab. de Carlsberg, 6, 1909. 
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yeasts. Nevertheless since the essential characteristic of the genus 
Endomyces is the presence of a typical mycelium from which the ascs 
spring exclusively, it seems that E, javanensis ought to be regarded as 
a yeast. 

The information with regard to these various fungi explains anew 
the phylogeny of the yeasts. Indeed, it is possible to regard the 
genus Eremascus as an ancestral form. From this may originate a 
form, quite hypothetical, related to Endomyces fibuliger^ but differ- 
ing by the existence of an isogamic copulation characteristic of Ere- 
mascus. This copulation which is reduced to an 
unfruitful attempt with E. fibuliger has completely 
disappeared in E. capsularis. From this hypothetical 
form the yeasts may derive by regression and from 
the mycehal form which yields its place to yeast-like 
forms. 

Summarizing, this hypothetical fungus, derived 
^ ^Eridomyc^^"^^- from Eremascus, may be the beginning of two 
Bar branches, one with E. fibuliger and the E. capsularis, 

■ the other with Zygosaccharomyces and the Saccharo- 
myces. The genus Saccharomyces represents a parthenogenetic form 
derived from Zygosaccharomyces. 

Now it remains to determine the origin of the Schizosaccharo- 
myces. The study of two other forms of the genus Endomyces, the 
E. Magnusii and the E. decipiens, has given some information on the 
subject. 

These two fungi resemble very much, in the whole of their develop- 
ment, E. fibuliger; but they are closely distinguished by the fact 
that, in place of producing yeast-like bodies, they form, by dissocia- 
tion of their mycelium, cells called oidia which are capable of dividing 
transversely like the cells of Schizosaccharomyces. (Fig 59.) Let us 
state that, in certain media, a true mycelium is not formed but 
almost always oidia which multiply like the Saccharomyces. In its 
general form, the oidium is identical to the cell of Schizosaccha- 
romyces. Cytologically, however, it differs more often in E. Magnusii 
by the presence of many nuclei. Nevertheless, many of the oidia 
of E. Magnusii offer only a single nucleus and Dangeard has shown 
that in the oidia of E. decipiens, this is always the case. 

These two fimgi present also chlamodyspores which are formed like 
oidia by a sort of dissociation of cells in the mycelium but are dis- 
tinguished by the formation of a very thick membrane and by the 
fact they cease to divide until they find conditions sufficiently favor- 
able. These, then, are sort of encysted oidia and may be compared 
to the durable cells of yeasts. 
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Finally, E. decipiens and E. Magnusii produce numerous ascs 
which form at the extremities of the filaments. In E. dedpiens, they 
are not preceded by a sexual act, but in E. magnusii a heterogamic 
copulation has been established which results in the asc. (Fig. 6.) 
This is accomplished between a male gamete and a female gamete, 
each being at the end of a filament. The male gamete is a small, 
short, cell, with a single nucleus which is located at the end with a 
shape like a screw. The female gamete is a long cell which also in- 



of Ahch in Emlomyces Magnmii. 

dudes a sinp:le nucleus. The gametes unite by their ends. (Fig. 6.1, 
1 and 2.) The middle wall which separates them breaks down, 
their contents fuse protoplasm with protoplasm, nucleus with nucleus. 
The egg thus formed grows and is transformed into a tetrasporous 
asc. Although, heterogamic, this copulation resembles very much 
that of Sch. octosporous. 

It looks as if one might regard the Schizasaccharomyces as de- 
rived from a hypothetical form analogous to E. Magnmii but more 
advanced, in which the copulation may be isogamic. From this form 
comes on one side E. Magnmii and its parthenogenetic form, E, 
decipienSj and on the other part Schizosaccharomyces. 

The scheme presented below represents the different steps in the 
phylogeny of the yeasts according to the theory which has been out- 
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lined. The budding yeasts are sprung from a hypothetical form, 
Endomyces a, analogous to E-nd. fihuliger but have kept the copula- 
tion of Eremasms. This copulation persists in the Zygosaccharomyces, 
no trace of it remains in the Schwanniomyces, disappears completely 
in the Saccharomyces and is replaced by a parthenogamy between the 
ascospores in the yeast Johannisberg II. The Schizosaccharomyces 
spring from a hypothetical form, Endomyces h, related to End. Mag- 
nussii but with isogamic copulation. The Schizosaccharomyces seem, 
like other yeasts, to be more advanced toward parthenogenesis as is 
evidenced by a variety, Sch. mellacei, which has lost its sexuality. 


. Eremascus fertllis 


Endomyces 
Endomyces Magnusli^ 

Endomyces •"^cipiens. 
Schizosaccharomyces/ octosporus 
Schizosaccharomyces/ Pombe 

Schizosaccharonriyces 
mellacei 

Parthenogenetic variety 


|Endomyces a 

^ndomyces fibuliger 

• Endomyces capsularis 
Zygosaccharomyces 

'Schwanniomyces 

'[Saccharomyces 

• Yeast Johannisberg II 


Summarizing, it seems proper to consider the Saccharomyces and 
other budding yeasts and the Schizosaccharomyces as derived from a 
form related to Eremascus fertilis. From this common stock, two 
branches spring: one which forms the E, Magnusii and Schizosaccha- 
romyces, the other which forms E. fibuliger, the Zygosaccharomyces 
and the budding yeasts. The question of the phylogeny of the yeasts 
may be considered today as a little more settled.^ 

\ Another theory has been recently proposed by Nadson following his dis- 
covery of Nadsonia fulvescens. According to this author the Endomycetaceae 
and the Saccharomycetaceae represent degraded forms derived from the higher 
Ascomycetes. The yeasts possess a copulation in the germination of the ascospores 
with Saccharomyces Ludwigii being an archaic yeast. This theory lacks a solid 
foundation because it does not provide for any of the links between the higher 
ascomycetes and the yeasts. On the contrary, Guilliermond’s theory rests on a 
series of known facts. 



CHAPTER VI 


METHODS OF CULTURE AND ISOLATION OF YEASTS. 
PROCEDURES FOR THEIR STUDY 




A. Methods of Culture 

W ITH the exception of a f(nv pathogenic varieti<^s, all of the 
yeasts isolated up to tlu^ prc^scuit time, grow well on artifi- 
cial media. They may be (uiltivatcd according to the same 
methods as l)acteria. IIh'sc^ procicdures an^ sufficiently wcffi known and 
are outlined in detail in all books on bacteriology. It would be out 
of place to mention them in a !)ook of this nature. It will suffice io 
mention here a few of thci media and methods which are especially 
adapted to the growth of yeasts. Like', the 
bacteria the yeast may be cultivated as well 
on liquid as on solid media. As a rule, 
unlikes the bact(^ria, the yc^asts desire a 
slightly acid medium. The yeasts, although 
fa,cultative anaerobic, multiply only on media 
which ar(^ well aeratcnl. Since yciaats vegetate ^ ^ 

more often at tiie bottom of cultures, it is A, Pasteur Flask; 

th(‘n necc^ssary to plac(' them in thin layers 

of medium in ordc'r to supply as much air as possibles. On the contrary, 
if a fermentation is dc'sired, they should be i)lac(',d \inchr conditions 
with a limited supply of oxygen and in a sugar medium eontaiiu'd 
in deep flasks or tubes. 

For the culture of yi^asts the same ordinary apparatus is utilized 
as in the study of bactc'ria (Petri dishes, Erlenmeyer flasks, Roux 
tubes, coYo.r glassc^s, test tubes). For physiological investigations, 
Pasteur, Ohamberland, Freudcnreich and Hansen flasks are service- 
able. Th(i Pasteur flask is shown in Fig. 62. It is provided with 
two outlet tubcis, one of which is bent and which contains a bit of cot- 
ton to filter the air which is thus able to pass in. The other is a long 
straight tube which enters the flask at the side. It is closed with 
a piece of rubber tubing carrying a piece of glass rod in one end. 
The other end of this tube is slipped over the tube from the flask. 
Sterilization may be accomplished by putting in boiling water. Dur- 
ing this sterilization, the rubber tube may be removed from the 
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straight side arm. It may be replaced as soon as the operation is 
completed. It is not necessary to sterilize in the autoclave. The 
Chamberland flask (Fig. 62) is an ordinary flask in which the col- 
lar is drawn out and ground to receive tightly a straight cap which, 
in turn, is drawn out. A piece of cotton may be inserted in this. 
The Freudenreich flask is constructed a little after the same fashion 
but differs in that the body of the flask is cylindrical instead of spheri- 
cal. These may be sterilized in the autoclave. 

Some of the common media which may be used in the cultivation 
of the yeasts are mentioned below.^ 

Pasteur’s medium: 

Distilled water 1000 grams. 

Candied sugar 20 “ 

Ammonium tartrate. 0.1 “ 

or, Ammonium carbonate 1.0 

Ash of yeasts 1,0 “ 

This medium was used by Pasteur in the greater part of his 
studies on alcoholic fermentation. 

Hansen’s Medium No. 1. 


Peptone 1 gram 

Maltose 5 

Potassium phosphate 0.3 

Magnesium sulfate. ... 0.2 “ 

Distilled water 100.0 “ 

Hansen’s Medium No. 2 

Peptone 1.0 gram 

Maltose 5.0 “ 

Potassium phosphate 0.3 

Magnesium sulfate 0.5 “ 

D istilled water 100.0 “ 


Mayer’s Culture Fluid: 

Sugar 

Potassium phosphate . 
Magnesium sulfate. . . 
Calcium phosphate. . . 
Ammonium nitrate. . . 
Distilled water 


15 grams. 
5 
5 

0.5 

0.75 

1000.00 c.c. 


According to Mayer, this is a very useful medium for culturing 
yeasts. 


1 Investigations by Wildier in 1901, by Williams in 1919 and Bachmann in 
1919 indicate that some vitamine-like substance may be necessary for the growth 
of yeasts. Apparently ordinary synthetic media alone are not entirely satis- 
factory for the culture of yeasts. 
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LaiirenEs Medium: 

Ammoniuiii sulfate 4.71 gram^. 

Potassium p hosphate 0.75 “ 

Magnesium sulfate 0.1 

Distilled water 1000.00 

To this medium any sugar may be added. It was used by Laurent 
in his investigations on the hydrocarbon nutrition studies on yeasts. 


Haydruck’s Medium: 

Water 2000 grams. 

Saccharose 100 “ 

Asparagin 2.5 

l^otassium acid phosphate: 50.00 

Magnesium sulfate 17. 00 

Cohn^s Solution: 

Distilled water 200 grams. 

Ammonium tartrates 2 

Potassium phosphate 2 

Magneshnu sulfate 1 

Calcium phosphate (dibasi(0 0.1 

Sugar 20 

Noegeli’s Medium (No. 3). 

Distilk'd water 100 grams. 

Glucose 3 

Ammonium tartra! ' 0.04 

Magnesium sulfate 0.04 

Calcium chloride 0.02 “ 

Raulin's Medium: 

Distilled water 1500.00 grams. 

Candied sugar 70.00 “ 

Ammonium nitrate 4.00 “ 

Tartaric acid 4.00 

Potassium carbonate 0.60 

Magnesium carbonate 0.60 “ 

Ammonium sulfate 0.25 

Ferric sulfate 0.07 

Zinc sulfate 0.07 “ 

Potassium sulfate 0.07. 

Potassium silicate 0.07 


This liquid, composed by Raulin in the course of investigations 
on the nutrition of Sterigmatocystis nigra, makes up a medium which 
is well adapted to the develpoment of fungi. It serves also for the 
growth of many fungi and molds. For the yeasts, however, it does 
not lend itself as well since they seem unable to grow in it. For a 
certain few special yeasts it will work. 
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Yeasts are easily cultivated on decoctions of various fruits. Malt 
extracts and fruit juices, such as prune juice together with decoc- 
tions of carrots, potatoes, etc., make good media. Beer wort is the 
best medium for the yeasts and the one which is most utilized for 
their culture. It may be procured at breweries or prepared in the 
laboratory after the following procedure: Soak 200 grams of malt, 
which has been previously pounded, in a liter of cold water and bring 
slowly to a temperature of 60^" C. Shake once in a while, and after 
three-quarters of an hour, add 4 grams of hops. Boil for about an 
hour and filter. Test the filtrate for maltose by means of Fehling’s 
solutions. The filtrate is then diluted with distilled water to yield a 
3 per cent solution of maltose. The wort is then filtered and steri- 
lized at 115° for 20 minutes. 

The malt water is prepared by soaking 100 grams of germinated 
barley, which has been previously boiled, in a liter of water. This is 
then heated to 55-58° C. so that the amylase is not destroyed. Finally 
it is boiled for 5 minutes and filtered for sterilization. 

Raisin extract is easily prepared by soaking a few grams of raisins 
in a little water and filtering. The filtrate may be sterilized at 150° 
for 20 minutes. 

Another very useful medium is yeast water prepared as follows: 
100 grams of fresh yeast are boiled, with shaking, in a liter of distilled 
water. This is filtered and sterilized. Yeast water is made up of am- 
monium salts, as paragin and peptones, which are ideal substances 
for yeast growth. This liquid by itself is generally insufficient. In 
order to secure abundant yeast growth, it is necessary to add a sugar. 
The decoctions of meat and various peptone media are used for some 
of the pathogenic yeasts. 

Yeasts grow equally well on solid media. It serves because they 
sporulate easily in it and because they exhibit certain macroscopic 
characteristics which are used in their determination. Slants of 
potato, beet and especially carrot , and even sterilized fruit juices are 
excellent media. These may be solidified in media. Beer wort may 
also be used as a solid medium. It is sufficient to mix 8 per cent of 
gelatin with it. 

Methods for Obtaining Sporulation 

The study of sporulation among yeasts required a special tech- 
nique which might be outlined at this time. Special conditions have 
been mentioned above. The cells should be well nourished and young. 
It is necessary that they have acquired a sufficient reserve in their 
protoplasm to assure the formation of ascospores. It is necessary, 
then, to cultivate the yeast which one wishes to study, in a nutrient 
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Fig. 63. — Crystallizing Dish 
Used for Sporulation. 


medium for about 48 houi*s with frequent transfers. For this, beer 
wort is generally used. It may be necessary for the rejuvenating 
medium to contain some special substance which will stimulate the 
formation of ascospores. 

The best mcdhod by which to make the yeast sporulate is to sub- 
ject it, to a period of inanition. Under such conditions the yeast, 
finding it impossibles to vegetate, forms 
ascospores. The nud hod devised by Engel 
and perfectcnl by Hansen is most satis- 
factory; it consists of placing a block of 
plaster of Paris in tlu' beer wort. This 
plaster of Paris is mixed with three parts 
of water and moldcxl into a cylinder or 
truncated coiu^ It is important that the 
surface be smooth. 

The conditions for sporulation have been mentioned in a former 
chapter. It. is known that c(^rtain factors are indispensable: the free 
access of jiir, favorable t,emperature, a certain degree of humidity, 
a medium which is not too acid, not too alkaline with favorable con- 
centration. In ordca- to reali/.e these conditions, the block of plaster 
of Paris is placcnl in a dish in the bottom of which is a little distilled 

water. (Fig. 63.) Enough water ought to be in the dish so. that 

about half of the block is covered. The water 

ought newer to cover the block, for the block will 

absorb sufficient to support the development of the 
yeast which is placed upon it. In this way the 
yeast will find just those essentials which are neces- 
sary for its growth. The dish is closed by a cover 
in such a way that there is full circulation of air. 
Th(^ apparatus, thus prepared, is sterilized in the 
autoclave at 115® for a half hour. 

The rc'juvcmated yeast is plac(Kl on the block of plaster of Paris. 
This operation is a very dchcat-e one. If the yeast has been cultured 
in a li(iuid nuHlium, thci cc^lls may be filtered out. By means of a sterile 
platinum wire some of the cells are then transferred to the surface 
of the block. If thc^ culture of yeast is in gelatin, it may be trans- 
ferred directly to tlu^ l)lock. The dish is then covered and put in the 
incubator at a temperature depending on the yeast under examina- 
tion. It has been stated that each yeast has an optimum tempera- 
ture at which it sporulates, which is generally between 25® and 30®. 
At the (uul of thirty hours most of the cells will have sporulated. 

To avoid the easy infection of the dish by bacteria, Hansen has 
devised a special flask which has received the name of the ^'Hansen 



Fig. 64. — Hansen 
Flask for ( Cultur- 
ing Y<‘nHtH. 
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flask.” (Fig. 64.) It is a cylindrical flask fitted with a glass top 
ground on with emeiy. This is pulled out and plugged with a bit of 
cotton. A side tube is closed with a piece of rubber tubing. A cylin- 
drical block of plaster is put into the flask about which is placed 
bouillon. The apparatus is sterilized at 115® in the autoclave. The 
yeast is introduced into the flask in the usual manner. 

Gorodkowa ^ has recently proposed a new method wliich luis the 
advantage of being less complicated than the method of Eng(4-Han- 
sen. It seems to give equally good results. It consists simply in 
inoculating a gelatin mixture with cells of the active young yeast. 
This medium is prepared as follows: 

Distilled water 100 grains. 

Gelatin 1 

Meat bouillon 1 “ 

Sodium chloride 0.'^) 

Glucose 0.25 ‘‘ 

The yeast develops quite rapidly after inoculation and the small 
amount of glucose is not sufficient to assurer its nutrition for a long 
time. Thus, sporulation is stopped at the end of two or days. 

This medium was utilized by Guilliermond for many yeasts with quite 
gratifying results. 

Many other methods, founded on somewhat the same principles, 
have been perfected to demonstrate ascospores. Some consist of put- 
ting the yeast on blotting paper in distilled water or on pure gelatin. 
(Wasserzug.) Yeast water will also allow ascospore formation which is 
not sufficient to assure the nutrition of the yeast. It soon finds it- 
self reduced to a condition which makes it sporulate. All sorts of 
liquids placed in extremely thin layers are sufficient to make a yeast 
sporulate if the food is quickly exhausted. 

Yeasts will also sporulate on solid media (nutrient agar or gela- 
tin). Rees has shown that slices of carrot make a good substrate for 
this purpose. The great majority of yeasts form ascopores after 
from 6 to 8 days, sometimes before. They grow actively for a few 
days and then budding slows up probably on account of an accumula- 
tion of toxic substances in the medium and sporulation begins. This 
method is to be recommended for cytological investigations, for it 
permits observations from the germination of an ascospore to the 
formation of a new ascospore. It facilitates the fixations which are 
necessary by making it easy to cut out a piece of the carrot on which 
the yeast is growing and placing it in the fixing bath. Guilliermond 
used this procedure with success in his investigations on the copula- 

^ Gorodkowa. Ueber das Verfaliren rasch die Sporen von Hefepilzen zuge- 
winnen. Bull. Jard. Bot., Petersburg, Vol. 1, 1908. 
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tion and sporulation of yeasts. It has the disadvantage of taking 
quite a little time with some yeasts. 

Certain varieties sporulate quickly in special media. Thus, Klocker 
has shown that Schtvamiioniyces ocddentalis produces an abundant 
spore formation on a decoction of hay with gelatin. On the other 
hand, Saccharomyces Ludwigii sporulates in a short time in a 5 per 
cent solution of saccharose which is a poor nutrient for this yeast. 

Other yeasts form ascospores in many common liquids when foods 
become scarce. In this category belong the varieties of the genera 
Willia and Pichia, which sporulate ordinarily in the pellicle on the 
surface of the media. The Sch. octosporus is able, oftentimes, to form 
ascospores at the beginning of fermentation. 

These are the principal methods which are employed for this i)ur- 
pose. The method wherein the plastc^r l)lock is us(‘(l is satisfactory 
for most yeasts and is very convenient. Certain yeasts, however, 
furnish few or no spores with this method. The ^Hchizosaccharomyces 
sporulate very easily on solid media (gelatin and carrot); the Zyg, 
japonicus shows spores only on nutrient gelatin, on Gorodkowa's 
medium and the j)ellicles of cultures. Zyg. Priorianus sporulates on 
a plaster block soaked with beer wort, on carrot and on Gorodkowa^s 
medium. Finally certain parasites demand very special conditions. 
S, guitulaiuSj for example, sporulates only in the intestines of ani- 
mals in which it lives as a parasite. This, however, is an exceptional 
case',. Zyg, rnajor sporulates only on plaster blocks which have been 
moistened with beer wort and on gelatin to which milk has been 
added. 

In summarizing tins question, it is well to note that the method 
of Engel-Hansen is the most widely used and after that the proce- 
dure of Gorodkowa. These yield most consistent results to which 
every one lias recourse for careful studies on sporulation. 

B. Methods for Purification and Isolation of Yeasts 

The purification and isolation of yeasts require delicate tech- 
nique. In nature, it happens that yeasts are not only mixed with bac- 
teria and other fungi but also with other yeasts. It is quite simple 
to separate the bacteria and molds but more difficult to separate the 
yeasts from one another. The yeasts may possess the same shape, 
which makes it difficult to distinguish between them. Thanks to the 
careful investigations of Hansen and Lindner, we possess today such 
methods that the isolation may be made with fair certainty. Two 
methods are available, the physiological and the dilution method. The 
latter may be regarded as fractional culturing. 
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Physiological method: This procedure rests on the fact that the 
organisms in a mixed culture multiply unequally in the given medium 
and at the given temperature. Certain species die or vegetate slowly; 
they are finally eliminated by the most vigorous varieties. This is, 
then, a selection by vital concurrence which results in the elimina- 
tion of certain species by others. Thus, to separate bacteria from a 
yeast a small quantity of acid is added to the culture medium (tar- 
taric, lactic, hydrochloric or hydrofluoric). The bacteria prefer the 
alkaline media, while the yeast finds the acid most favorable. The 
yeast alone develops in this medium. If, on the contrary, one wishes 
to secure the bacteria a little alkali is added to the medium. By 
cultivating a mixture of yeasts in chemically different media and at 
different temperatures, one is able to separate them. Soxne will find 
one medium and temperature more favorable. 

This method, which has been employed by many of the (uiiiy 
workers, particularly by Pasteur and Cohn, is purely empirical and 
does not give reliable results. One may never exactly know what to 
expect with it. It is easy to suppose, for example, that one variety 
may be temporarily eliminated for the time being by the development 
of another form which finds the conditions more favorable; this last 
variety, however, after developing rapidly, may finally be suppressed by 
another form which has been dormant up to this time. Many vari- 
eties may develop together if all of the conditions are favorable. 
This was the case when Pasteur purified brewery yeast by this method. 
He cultivated his yeast in a solution containing a little sugar to which 
was added a small amount of tartaric acid. Later investigations by 
Hansen showed that Pasteur had eliminated the bacteria associated 
with the yeasts, but he had failed to effect a separation of the dif- 
ferent varieties of wild yeasts^ some of which caused the diseases of 
beer. 

It is, then, impossible to secure reliable results- by the physiolog- 
ical method of dilution. It is valuable, however, in starting the 
purification because it allows the bacteria to be separated from the 
yeasts; The yeasts may be only definitely separated by the proce- 
dure which we shall now take up. 

.Dilution Method for Separating Yeasts: This involves a mix- 
ture of the microorganisms which one wishes to separate until the 
cells are well isolated. 

Lister conceived this procedure for the separation of lactic acid 
bacteria. He counted the number of bacteria in a drop of sour milk 
under the microscope and from this computed the required amount of 
distilled water which it would be necessary to add to this drop so that 
a drop of the mixture would contain a single cell. He prepared such a 
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dilution and added five drops to five flasks of sterile milk. Some of 
the flasks remained sterile while others seemed to possess a pure cul- 
ture of lactic acid bacteria. These probably came from a single cell. 
Pasteur made the first application of this method to the purification 
of yeasts. He dried a small amount of yeast and after reducing it 
to a powder mixed it with plaster of Paris. He allowed this mix- 
ture to fall from a great height to make a dust. At this moment, 
he opened flasks of sterile media. Some of the dust particles carry- 
ing yeast cells fell into the flasks and in this way gave him pure cul- 
tures. 

The dilution method is infinitely more certain than the physio- 
logical method. Plowever, it does not yield absolutely sure results 
but only probabilities. How is it possible to affirm that a pure cul- 
ture secured by this method came from a single cell? In spite of its 
fundamental finperfcction, however, Hansen has devised two steps 
founded on the same principle, which allows the necessary accuracy. 

These were perfected in 1881 by Hansen.^ Part of the yeast 
culture is placed in a flask and is diluted with distilled (sterile) 
water. After shaking this flask the cells will bo separated uniformly 
in thc^ water. A drop of this liquid is taken and the cells 
counted under the microscope. A drop may be placed under a 
cover glass for examination. Let us suppose that there are 10 cells 
in the drop. If such a drop is put into a flask and diluted with 20 
c.c. of sterile water, each cell should be separated after shaking. If 
one cubic centimeter of this liquid should be put into twenty sterile 
flasks, theoretically one-half of the flasks should show yeast growth. 
Practically, the results are somewhat different, for it is improbable 
that all of the flasks received a single cell. Hansen overcame this 
diflBlculty by shaking the flasks vigorously to separate the cells and 
to distribute them equally in all of the dilution water. The flasks were 
allowed to remain quiet until the yeast had developed into colonies. 
These could be seen on the bottom of the flasks. The number of 
colonies which developed gave some indication of the number of single 
cells which were present. 

Hansen's second method consisted in the employment of a solid 
medium. Gelatin or agar was used. He secured his idea from Koch's 
work which today is always used. Koch's procedure involved the 
m^ixing of a part of the culture in a large amount of sterile water. A 
drop of this mixture was introduced into a flask of gelatin at 30°. 
This was well shaken to separate the microorganisms in the medium. 
This gelatin was then poured out onto plates of glass which were in- 

1 Hansen, E. C. Chambre humide pour la culture des org. microscop. Comp. 
Rend. lab. de Carlsberg, 3, 1881. 
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cubated under sterile covers. The gelatin solidified and the cells 
which were contained in it developed into colonies where they lodged. 
Macroscopic examination of the color of the colonies together with 
the microscopic appearance of the cells gave assurance that pure cul- 
tures had been obtained. 

This method has been very well adapted to the yeasts by Hansen. 
He has replaced the plates of glass by moist chambers and Bott- 

cher chambers which permit the 
development of the colonies to be 
followed by the microscope. 

The ordinary moist chamber 
(Fig. 65) consists of an ordinary 
slide, in the middle of which is a 
depression, covered by a cover 
slip. On this is suspended a drop 
of the nutrient solution containing a few cells. The cover slip is 
sealed with vaseline. 

Bottcher's chamber, or the chamber of Van Tieghm and Lecom- 
mier, is made up of a glass ring sealed to the slide with Canada 
balsam. (Fig. 6G.) A little water is placed in this little chamber formed 
by the ring, to maintain the proper humidity. On the top of this 
ring is placed a cover slip from which is suspended a drop of solu- 
tion which contains the yeast cells. Vaseline is used to fasten the 
cover slip to the glass ring. It 


Fig. 65. — Ordinary Moist Chamber. 
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Fig. 66. — Bottcher^s Moist Chamber. 

a. Cover glass; b, droplets of nutrient material; 
c, glass ring; d, water. 


is necessary to sterilize the ap- 
paratus b.efore using by passing 
through the flame. Precautions 
must also be observed to pre- 
vent the ingress of extraneous 
microorganisms. This apparatus 
is very convenient since it allows continued observations of the cell 
for many days (8 or more). 

Hansen^s procedure for isolating the cells is to place a drop of 
gelatin on a cover slip which is ruled into 16 numbered squares. 
This is then placed over a Bottcher moist chamber. As soon as the 
gelatin has solidified by cooling, the number of cells in it is counted 
with the aid' of the microscope. This operation is facilitated by the 
rulings which allow the enumeration of each cell. The number of 
squares occupied by the cells is determined, after which the apparatus 
is incubated at 25°. By means of microscopic observations at regular 
intervals, it is easy to follow the multiplication of the cells as they 
increase to form colonies. Pure cultures may be secured by inoculat- 
ing a flask of media with one of these colonies. 
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Lindner’s Method for Securing Pure Cultures: Lindner has de- 
vised many methods founded on the same principle but much simpler. 
One of these known as the drop culture method consists in diluting 
the yeast until each drop contains about a single cell. Beer wort may 
be used as the diluent. By means of a pipette with a fine bore, 
drops of this mixture are placed in the bottom of sterile Petri dishes. 
Each cell will develop into a colony. From these 
(iolonies pure cultures are obtained by means of 
platinum wires. Transfers are made into nutrient 
media in order to get the cells in greater quantity. 

This procedure is not as sure as that of Hansen 
but is short and serves in many investigations. 

Another method devised by Lindner is known 
as the droplet culture procedure. This is much 
like the above except that the solid medium is 
placed on a cover slip which allows continued ob- 
s(^rvations under the microscope. 

Determination of the Number of Cells in a Culture and Study of 
the Multiplication Power of Yeasts: Very often it is desirable to 
calculate the multiplication power of yeasts or the time required for 
the cells to divide. One method of doing this is by means of the hemo- 
cytometer. This apparatus, devised for counting the corpuscles in 
the blood, consists of a glass slide upon which is fastened a cylindrical 



Fig. 67. — IVI^ode of 
Operation for Drop- 
let Cultures accord- 
ing to the Method 
of Lindner. 
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Fig. 68. — Hemocytometer. 

or square glass cover slip with a cylindrical hole in the center. In- 
side this hole is fastened another glass disk which bears a ruled area. 
When an accurately ground cover glass is placed over the larger cover 
glass, this disk bearing the ruled portion should be exactly 1 mm. 
below the bottom surface of it. The ruled area consists of squares 
of different sizes, depending on the ruling which is used. The value 
of these squares is usually marked on the end of the slide. While 
there are many different rulings, the Thoma ruling is as satisfactory 
as any. (Fig. 68.) 

After the yeast solution is carefully shaken to distribute the cells 
evenly, a drop of it is placed on the disk of the hemocytometer and 
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the cover glass applied. After the cells have settled, they are counted 
and the number calculated to the cubic centimeter or millimeter 

basis. By repeating this 
operation for several times, 
some idea may be secured 
with regard to the progress 
of yeast development. 

Slator^ used the warm 
stage to determine whether 
there was a lag phase in the 
development of yeast. 
(Fig. 68-A.) By means of 
this method he was able to 
follow under the microscope 
the development of the yeast. 
He pictures graphically the 

Fig. 68-A. — Warm Stage for Observing the budding of the y easts 
Development of Yeaets. 

there was a short lag-phase in the yeast development which lasted for 
two hours, after which the cells reproduced at the usual rate. For spores, 
the lag phase was longer. 


Methods of Studying the 
Yeasts 

Observation of Develop- 
ment in Moist Chambers: The 

observation of yeasts presents 
no serious difficulties and the 


details will not be outlined here. Fig. 68-B. — Slater’s Method for Observing 




The simplest method is the one 


Yeast Development on the Warm Stage. 

used by early workers, Ehrenberg, Mitscherlich, Kiitzing, Schulze, and 
Brefeld; it consists in diluting the culture of yeast to such a point 
that each ’ drop contains only a few cells. A drop of this culture is 
put on a cover slip which is placed over a moist chamber and 
incubated at 25° C. The various changes which take place in this 
drop may be followed on the microscope. Observations may be ex- 
tended, if desired, for a long time. 

The use of the ordinary moist chamber, and especially that of 
Bottcher, is more convenient. It makes it possible to observe a single 
cell or a small number of cells for a period of 8 days without danger 

^ Slator, A. Some observations on yeast growth. Biochem. Jour. 12, No. 3, 
248 - 258 , 1918 . • 
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of contamination. The use of the ruled cover glass on which each 
square is numbered, makes it possible to follow closely each stage 
in the development of the yeast. One is thus able to follow the modi- 
fications which occur at regular intervals. By this method the 
phenomena of budding, sexuality, sporulation, germination of spores, 
etc., may. be watched. When this apparatus is used for the study of 
germination of spores, certain difficulties are encountered. In a 
yeast which spprulates there are always a few cells which have not 
formed ascospores. When transferred to a new medium, the as- 
porogenous cells develop more rapidly. Thus, for example, a dilu- 
tion of beer yeast placed in a Bdttcher moist chamber may include 
asporogenous cells mixed with ascospores. Their early development 
hinders observation. The simplest method to get around this is to 
kill the vegetative cells with heat;^ the spores being more resistant 
will pass through such treatment. 

In order to carry out this, one should proceed as follows : A portion 
of yeast growth from solid media (agar, gelatin, carrot, etc.) is spread, 
by means of a spatula, on a sterile cover slip. This is then placed 
in an incubator at 55-60° for 12 hours. The vegetative cells are not 
able to withstand this temperature and only the ascospores survive. 
The yeast is then moistened with a drop of water and a drop is placed 
in a Bottcher moist chamber. The vegetative cells will remain in the 
solution but should cause no difficulty since that will not germinate. 
Guilliermond found this method a convenient one for studying the 
germination of ascospores. 

Lindner ^ extolled very much a method which he devised and termed 
the adhesive culture. This method simply consists in applying a thin 
layer of the yeasts or other organisms to a cover slip which is even- 
tually placed in a humid chamber. Let us suppose that we wish to 
study the bacteria in our saliva. All that would be done would be to 
apply the tongue to a sterile cover slip. The organisms remain ad- 
herent to the cover slip and develop in their own natural medium. 
The colonies may be sufficiently well isolated for picking pure cultures 
by means of a platinum wire. In this way, this procedure may be 

^ Another method by which the same results may be obtained has been de- 
vised by Hansen. This investigator has stated that the vegetative cells, perhaps 
on account of their age, are killed by a period of one minute in absolute or 50 per 
cent alcohol. The ascospores, in a state of maturity, resist the alcohol for a long 
time. This constitutes a simple method of getting rid of the vegetative cells 
when only ascospores are desired. (Hansen, Ueber die totende Wirkung des 
Aethylalkohols auf Bakterien und Hefen. Cent. Bakt. 45, 1907.) 

Lindner, P. Die Adhasionkultur, eine einfache Methode zur biologischen 
Analyse von Vegetationsgemischen in nattirlichen oder ktinstlichen Nahrsubstraten. 
Zeitschr. Spir. Industrie, No. 46 and 47, 1901. 
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used for isolating species or varieties. Another example would be the 
investigation of the organisnis in the coating of decayed grapes in the 
fall. A drop of sterile water would have to be placed on the cover 
slip and a grape pressed into it. This method is very convenient, re- 
quires no special media and facilitates microscopic examinations of 
the organisms. Such a method lends itself to photomicrography. In 
fact, Lindner ^ secured such illustrations with which to illustrate his 
book on fermentation microorganisms. The colonies develop very 
slowly, which lessens the danger of impure cultures. 

Methods for Investigating the Cytology of Yeasts: At this time 
we shall refer to the technique of histology, especially those methods 
which are of much service. The first step in the cytological examina- 
tion ^ of yeasts should be a microscopical study of the cells colored 
with neutral red. To do this, the living cells should be placed in an 
aqueous solution (1-10,000). The protoplasm and the nucleus will 
remain uncolored; only the less vital parts of the cell will fix the dye, 
that is, the vacuole and the metachromatic corpuscles contained in 
it. The dye will diffuse into the vacuole and stain it very lightly. 

When careful observations have been made on living cells, with 
and without coloration, one may undertake deeper investigations in 
cells which have been fixed with many of the available substances. 
The most convenient procedure for this is to cut out a portion of the 
gelatin or carrot upon which the yeast is developing and place it in 
the fixing bath. When fixation is completed, the yeast may then be 
placed on a cover slip, upon which has been spread a layer of gelatin 
to make it stick. The mount may then be plunged into a staining bath. 
The fixing and staining will vary, depending upon whether one wishes 
to study the nucleus or the other contents of the cell. 

For investigations on the nucleus, Guilliermond recommends fixa- 
tion in Bouin's picroformol solution or Perenyi's solution, which have 
the following composition. 

Picroformol solution: 


Saturated picric acid 75 paxts 

Glacial acetic acid 5 “ 

Formol 20 “ 


^ Lindner, P. Atlas der mikroskopischen Grundlagen der Garungskunde. 
2nd Edition, P. Parey, Berlin, 1910. 

^ Guilliermond, A. Recherches cytologiques sur les levures et quelques moisis- 
sures k form levures, these doctorate es sciences (Resume in Revue gen^rale de 
Botan. 15, 1902). Recherches sur la germination des spores et sur la conjugaison 
dans les levures. Rev. g4nerale de Botanique, 17, 1905. Remarques sur les 
re cents travaux parus sur la cytologie des levures et quelques nouvelles observa- 
tions sur le groupe de champignons. Cent. Bakt. 26, 1910. 
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Perenyi’s Fluid: 


Chromic acid, 5 per c(^nt 3 parts 

'Nitric acid, 10 per cent 4 “ 

Alcohol, 95 per cent 3 


The period of fixation ought, to be about 12 hours. Finally, stain- 
ing is accomplished with Heidenhain’s ferric hemotoxylin (mordant- 
ing with a 2.| per (ic^ut solution of annuoniacal ferric alum, washing 
rapidly in water aiul staining in a I pea* cent aqueous hematoxylin 
solution). By this procedun^ a satisfactory differentiation of the 
nucleus is obtained. 'The basophile grains stain quickly but the meta- 
chromatic corpusek^s gtaierally do not. The hematoxylin method 
of Delaficdd giv(‘s good ri^sult aft.(M* fixation in Bonin’s solution. These 
methods at onc(^ allow the difh^rcaitiation of th(‘ nucleus, which appears 
with a diffuse tint, and tlu^ nuda-chromatic granules, which take on a 
wine color. The pn^parations thus ])r(‘par(‘d ought to be preserved 
in Kayser’a gelatin-gly(un*ol mixture in i)r(fferenc(', to Canada balsam 
which always (causes a contraction of tlu^ c(dls. 

Alcohol, formalin and Lc'nhosscdv’s fluid ^ ar(^ the most useful fix- 
ing solutions for rmd.achromatic^ granuk's; they are not to be 
recomm(mded so Ifighly for tlu^ mudeus. Unna’s polychrome blue, 
Gresyrs blu(‘. and methyk^m^ bliu^ (anployed in 1 per cent aqueous 
solutions, allow diffenmtial staining of tlu^ metachromat ic corpuscles 
but generally difh^rc^nt iate tlu^ nucknis (piite badly. The preparations 
obtained by thes(‘ dyes (l(XM)lorize rattier (piickly in tlu^ gcdatin-glycerol 
solution and arc^ abk^ t-o Ix^ preserved only in (Canada balsam. 

To (kanonstrate glycogc^n, LugoFs solution (iodin in potassium 
iodide) may b(^ used. For fats, Flemming’s solution ^ should be used. 
The preparations are fixt'd in it and the fat globules arc browned 
by it. 

Methods for Determining the Properties of Yeasts towards Sugars: 

It is oftem very desirable, especially when investigating a new yeast, 
to determine its action towards sugars. The action of yeasts towards 
such hydrocarbons constitutes a very important step in their dif- 
fc^rentiation. The simplest method is that devised by Lindner.® It 


^ LenhosBck’s Fixing Fhucl: 

Mercuric chloride (sat. in water) 75 volumes 

Absolute alcohol 20 ‘‘ 

Acetic acid 3 

® Flemming's Solution: 

Osmic acid, 1 per cent in water. 15 parts 

Crystallized acictic acid 1 

Chromic acid, 2 per cent in water. 4 


^ « Lindner, F. Mikroskopiscdie Betriebskontrolle in den Garungswerben. 

Paul Parey, 6th Edition, Berlin. 1909. 
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consists of filling an ordinary moist chamber with a drop of yeast 
water containing the microorganisms. By means of a sterile plati- 
num wire a little of the carbohydrate which one wishes to study, is 
added to the drop. It may be necessary to pulverize the sugar in 
order that, as far as possible, equal amounts of the sugar may be trans- 
ferred. The moist chamber, thus prepared, is covered with a cover 
slip and placed in an incubator at 25°. The next day the preparation 
is examined. If a fermentation has taken place, the cover slip may 
be forced up from the glass collar upon which it rested and a bubble 
of gas may be seen. (Fig. 69.) In order to make certain that the 

bubble is made up of carbon dioxide, in 
part it is sufficient to allow a few drops of 

Kg. 69. - Fermentation in an caustic potash to fall on the cover slip. If 
Ordinary Moist Chamber the bubble is CO 2 it will contract and 
(after Lmdner). disappear. If, on the other hand, there is 

no fermentation, the cover slip will not have changed place. It will 
be adherent to the glass slide. 

Bronfenbrenner and Schlesinger’s Method for Determining the 
Action of Microorganisms on Carbohydrates : These investigators ^ 
have proposed a method for studying the action of bacteria to- 
wards carbohydrates which may be of value for the yeasts. The 
method may be outlined as follows: One prepares medium contain- 
ing 1.5% of agar, 0.5% NaCl, and 1% peptone. This mixture is 
brought to boiling and the reaction not adjusted. At this point a 
suitable amount of indicator is added and the medium distributed 
into small tubes containing 1 or 2 cc. of medium, autoclaved and stored 
on ice. When used, , the medium is melted and to it is added 0.1 or 
0.2 cc. of a 20% lactose solution. While hot, this medium is de- 
posited in drops on the inner surface of the bottom of a sterile Petri 
dish. This may be placed symmetrically by marking the outside of 
the dish. Each of these drops is inoculated from the suspected col- 
onies or material, leaving two drops uninoculated on each plate as 
controls. After this, a fresh drop of the medium is placed over the 
inoculated drops, giving conditions of slightly lowered 0 tension favor- 
able to carbohydrate metabolism of bacteria. In order to prevent the 
volatilized acids formed in some drops from causing a color change in 
other drops, filter paper saturated with NaOH was placed in the top of 
the Petri dishes. When desired, sterile shdes with a concave well may 
be used. The hollow of the slide is filled with lactose agar, prepared as 
outlined above, and a sterile cover glass placed over it. This method 
greatly decreases the length of time required for the formation of gas. 

^ Bronfenbrenner, J., and Schlesinger, M. J. A Rapid Method for the Identifica- 
tion of Bacteria Fermenting Carbohydrates. Amer. J. Pub. Health, 8 (1918), 922-923. 
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Klocker’s Method for Estimating Alcohol in Fermented Solutions: 

Kldcker ^ has modified the Pasteur drop reaction for the determina- 
tion of alcohol in fermented solutions and claims to be able to deter- 
mine the presence of alcohol in 0.002 per cent by volume. Five cubic 
centimeters of the solution are used in a vessel 180 mm. long and 24 
mm. in diameter. The solution is slowly 
warmed over a wire gauze by means of a 
gas flame taking care to prevent bumping. 

("haract(^ristic oil drops accumulate in the 
glass tubing^ higher \ip or lower, depending 
on th(^ concentration of alcohol. By this 
nu^thod it was demonstrated that small 
amounts of alcohol were formed in yeast 
wat(‘r on standing. Other sul)stances, such 
as acetone, may give the reaction but it is 
nec(\ssary that they l)e present in large 
amounts. As a control iodoform may be 
formed l)y the following method: A small 
amount of sodium carbonate (2 grams per 
10 c.c. of i)roduct) and iodine (0.1 gm.) may 
be addcnl and iho temi)erature brought to 
60^ (’, until the iodines has disappe^ared. On 
cooling, caystals of iodoform will be formed 
which may be examined under the micro- 
scopes 

Determination of Efficiency of Yeast : It 

is often conveni(ait to have information con- 
cerning the efficiency of yeasts especially if 
it is necevssary to sc^Iect-, from among a 
numl)(‘r of these organisms, one which will 
cause t he maximum amount of change in the 
short (^st time. Different methods may be 
used. Any of the products of fermentation 

may be measured quantitatively. The alcohol ProHcnce of Ak^ohol in 
1 , -ij X- 1 * xu I ermentmg Solutions. 
ma 3 ^ be determined at any tim(^ during the 

process of the fc^rmentation but has this disadvantage that consider- 
able time would be used if many determinations were necessary. 
Probably the most convenient method which has been devised is to 
measure the amount of carbon dioxide which is formed and from this 
to determine the extent of the fermentation. 

This may be carried out either volumetrically or gravimetrically. 

^ Klocker, A. fllie deterniination of traces of alcohol in fermenting solutions. 
Cent. Bakt. Abt. 11, 31, 108-111; Chem. Absts..6 (1912), 136. 
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If one wishes to use volumetric methods, an apparatus must be ar- 
ranged which will collect all of the gas as it is formed during the fer- 
mentation. Such an apparatus was arranged l)y Slator.^ 
An ordinary nitrometer will be sufficient and should be 
filled with mercury to prevent absorption of the gases, 
which would occur if water or other liquids were used. 

Euler and Lindner^ have described the Meiasl ventila- 
tion valve (see Fig. 69-B) which may be used to allow 
the carbon dioxide which is formed during fermentation 
to escape but which retains the water. A small amount 
of concentrated sulfuric acid is put into the valves to act 
as an absorbent to retain moisture. The formation of 
Fig. 69-B.— <^^^bon dioxide may be followed by the loss in weight at 
Meissl Ven- various intervals. These losses in weight may be plotted 
for ^DSerain- according to the time at which they occurred in such a 
ing the Fer- way that the curves may be made which express the 
of \'tasts fermenting ability of each 
(Euler -Lind- yeast. By means of these, 
one is able to compare 
the yeasts under examination quickly and 
to determine which is the most ^'effi- 
cient.^' Alwood^ has devised a similar 
valve which is used in the same manner 
as the Meissl valve. (See Fig. 69-C.) 

Other devices may be resorted to for 
reaching the same end. 

Preservation of Yeasts: It is often 
advantageous to keep yeasts over a long 
period of time without having to transfer 
them to fresh media very often. Such is 
the case with laboratory collections. 

Then, again, it is often desirable to 
exchange cultures between laboratories Fig. 69-0. — Detail of Alwood 
and in many cases the distance is great Fermentation Valve, 
and months are required to cover it. Explorers have had need 
of preserving the yeasts which have been collected in the countries 
which they visited. According to the investigations of Hansen,^ 

1 Slator, A. Jour. Chem. Soc. 89 (1906), 128. 

Euler, H., and Lindner, P . Chemie der Hefe unter der alkoholischen Gfi-rung 
Leipzig, 1915. 

^ Alwood, W. B. The fermenting power of pure yeast and some associated 
fungi. U. S. Dept. Agriculture, Bureau of Chemistry, 111-1908. 

Hansen, E. C. Recherches sur la physiologic des ferments alcooliques. 
Comp. Rend, du lab. de Carlsberg, 13, 1898. 
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the best ineiliod for preserving yeasts consists in cultivating them 
in a 10 per cent sucrose solution with acid. The sucrose does 
not ferment and is used very slowly. Of 42 yeasts subjected to this 
method only two have been encountered whi(di did not withstand 
such a solution. S. Lvdwigii did not keep longer than 2 years, 
often 6, and aS\ Monacensis has not survived more than two or 
three years. The others have been kept for from 13 to 17 years. 
Generally speaking, the method is a satisfactory one. The Hansen 
flask is generally used. (Fig. 70.) Jorgensen has sug- 
gested a modification of this flask which prevents 
evaporation. 

Will ^ has proposed another method which consists 
of drying tlu^, yeast and mixing it with powdered silica, 

])last<'r of Piiris and carbon, the whole being dried at 
40'^ and st^ahul luniuetically. By this method certain 
yeasts hav(i b(H^n k(^{)t for 9 years; Hansen has shown 
that f.lu^ yx^asts form ascospores during this period. 

W(‘ hav(^ s(‘(‘n that desiccation is unfavorable to yeasts 
and th(^ (aills form ascospores. Culturing 

*■ i (^fiStiS 

In oth(ir inveatigations, Will * has shown that the 
preservation of the y('asts depends upon three factors, 1, the quantity 
of yeast, 2, the composition of the medium, and 3, the temperature. 

^ Will, IL Kinigo Beobachtungen Uber die Lebendauer getrockneter Hefe. 
Zeit. f. (L (lea. Brau., B) and 27, 1890-1904. Beobachtungen an Hefekonserva- 
tion. Cent. Bakt. 24, 1909. 

^ Will, IL Beeba(9ituugen ilber Vorkoinineu leben- und vtirnK^hrungafiihigen 
zellen in Bidir alten WUrze Kultureu von untergarigen Bicrhefen. Cent. Bakt. 
44, 1916. 



Fig. 70.— Han- 
sen's Flask 


CHAPTER VII 


METHODS FOR THE CHARACTERIZATION AND 
IDENTIFICATION OF YEASTS 

N OW that the methods for isolating the yeasts have been outlined, 
it is proper to investigate the procedure for determining whether 
a yeast which one has isolated is a new variety or whether it has 
been described before, and if it has, in what genus it belongs. We 
have not an easy task before us. When discussing the morphology of 
the yeasts, it was pointed out that it was very difficult to distinguish 
between them. Their shapes are very much the same, varying between 
a sphere, ellipse and cylinder. With rare exceptions the form and struc- 
ture of their ascs, and the appearance of their ascospores do not 
present specific characters. On the other hand the morphological char- 
acteristics are not constant but subject to variation. The shape and 
dimensions of the cell vary with the age, the physical and chemical 
conditions of the environment. It is, then, rather difficult to find 
in the morphology of the yeast the differential characteristics which 
pexinit a close separation of varieties. It becomes necessary to search 
for distinctive characters among the varieties. We shall have to 
look to the macroscopic appearance on sofid media, to the appearance 
of the scum on liquid media in contact with air, to the variations pro- 
duced by the action of various media, and especially, to the biochemi- 
cal characteristics of the variety. Hansen^s investigations have shown 
that the shape of the cell, the dimensions, and the appearance are, in 
themselves, sufficiently reliable factors for the identifications of species. 
To him we owe the solution of this question on specification. To 
his work, we must look for a great number of characteristics and 
a method for differentiating between species with .all the security desir- 
able. Hansen has used as determining characters the shape and 
dimension of the cell at different temperatures and in different media, 
the shape of the ascospores md their method of germination, the 
limits of temperature for budding, the formation of a scum, sporula- 
tion, macroscopic appearances of the scum and of cultures, the 
biochemical properties and especially their action toward different 
carbohydrates. Lindner has added to these the very convenient 
characters determined from the “giant colony.” 

We shall now take up in detail the various characteristics which 
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are necessary for the identification of yeasts. To simplify matters, 
let us suppose that we have isolated a yeast which we wish to iden- 
tify, to determine whether it is a new variety or whether it is a variety 
already known. 

Character of the Vegetation in the Sediment 

The preliminary examination ought to be concerned with the 
sediment. Finally the microscopic features of the cells should be 
investigated. 

Characteristics of the Sediment: The microscopic investigation 
of the sediment of yeast growth ought to give very useful data. It 
may be able to remain distributed through the medium or fall to the 
bottom. Possibly it will attach itself to the sides of the culture flask. 

Shape and Dimensions of the Cell: The second step in the ex- 
amination should be the microscopic examination of the cells taken 
from the sediment of a culture in carbohydrate media. Hansen 
recommended for this study a young culture grown at 25° for 24 hours 
or for 3 or 4 days at room temperature. The dimensions of the cells 
are variable characteristics. Beauverie^ has recently applied bio- 
metric methods to the yeast. For this 100 cells are taken from a cul- 
ture and the measurements plotted against the corresponding cell. In 
this Avay a curve may be drawn and a polygon made which will ex- 
press the frequency of certain sizes. From the appearance of this 
polygon, one may characterize the species. 

The genus Saccharomycodes is easily distinguished by the elongated 
tubular cells and their mode of multiplication, which is intermediate 
between budding and fission. In the same way, it is not difficult to 
distinguish a budding yeast from the Schizosaccharomyces. .Certain 
yeasts of the genera Torulaspora and Deharomyces and many varie- 
ties of the Torula possess a sufficiently characteristic spherical shape 
with a great globule of fat. Other yeasts are elongated or cylindrical 
and bud at their extremities. (Fig. 4.) 

Aside from these yeasts which we have mentioned and which 
possess some morphological characteristic to differentiate them, the 
great majority of the yeasts are not so characterized. Most of them 
may not be separated by some quick microscopic feature. Some of 
them may be grouped together by their shape but no separation may 
be made between them by it. The microscopic examination of a yeast 
tells US nothing about its genus or family. 

Optimum Temperatures and Limits for Budding : With regard to 
budding there are maximum, optimum and minimum temperatures 

^ Beauverie, J. Les mdthodes de la biometrique appliquee a I’etude de levures. 
Comp. Rend. Soc. Biol. 1912. 
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which do not coincide with those for sporulation, scum formation, 
and which serve to distinguish between the yeasts. Tiu'se t('m))eni- 
ture studies are, then, very useful in identifying yeasts. Below are 
hsted the results of temperature determinations for a few vari(‘ti(>H 
of yeasts cultivated in beer wort. 

Maximum Minimum 

Name of Yeast Temperatiire Tem^Hruiure 


Saccharomyces ceremiae . . 
Saccharomyces pastorianus 
Saccharomyces intermedins 
Saccharomyces validus .... 
Saccharomyces turbidans . . 
Saccharomyces Marxianus . 

Willia anomala 

Saccharomyces Ludwigii. , 
Johannisherg yeast II ... . 


0(. 


40 

1 3 


0.5 

40 

0.5 

m-4i) 

0.5 

40 

0.5 

4 (> 47 

0.5 

37-38 

1.5 

37 38 

3 1 

37-38 

0.5 


An inspection of this tabic is very instructive. One BtH‘H that, 
certain varieties are able to live at high ternpc^ratures (*S', Marxianun 
46-47°); others, on the contrary, are not able to bud Inflow IM*'* i\ 
It is also seen that a determination of the ternpc^ratun^ lirnitn c‘nHhl(*s 
the separation between varieties of the same sluqx* (N. paHtarixinm 
and Saccharomyces intermedius). It has been shown that wlum y<niHtH 
are cultivated at temperatures approaching their maximuiu tempt^ra- 
tures, there is a tendency to take the shortest, or spherical, form 
(Hansen and Klocker). 


Thermal Death Point Determinations 

By this is meant the amount of heat which is necessary to destroy 
the yeast. This varies, of course, depending on whether it. is tri(ul 
on vegetative cells or spores. It has been stated that the aseospores 
are very resistant, more so than the vegetative cells. It is thcai 
necessary to determine, for each variety, the thermal d(uit.h point 
for the spore and the vegetative cell. The temperatures which are 
thus observed vary with the age of the culture and the condition of 
the cell. A great many factors influence determinations of the tluninal 
death point of microorganisms. Some of these are the reaction of the 
medium, the time of exposure, the presence of organic matter, the 
presence of spores, etc. 


Temperature Limits and Optimum for Ascospore Formation 

It has been shown in a preceding chapter that temperature plays 
an important r61e in this phenomenon. The investigations of Hansen 
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have shown that ascospore formation has very definite limits of tem- 
perature, and outside of these t.emperaturcs, none are formed. Cer- 
tain temperatures are especially favorable (optimum). For a given 
temperature, situated between those limits, the ascospores form 
most abundantly, Hansen has also shown that at the tempera- 
ture limits and the optimum the duration of ascospores formation 
varies with the variety. He regards these as very important char- 
acteristics. It is, then, feasible to determine for each variety the fol- 
lowing: 

1. The temperatures limits, maximum and minimum. 

2. The optimum tc'inperature. 

3. The teinpcTatures at which ascospores form between the tern- 
peratun^ limits. 

To secure th(‘S(!! characteristics with accuracy, the various yeasts 
are placed in a carefully controlled incubator. They should be under 
the same conditions and on plaster of Paris blocks. The number of 
hours or days which are necessary for the first rudiments of ascospore 
formation to appear, should be noticed.^ 

Hansen has expressed graphically by means of a curve the results 
secured with six varieties: S, PastoriamiSj cerevidaej ellipsoideus, 
validuBf iritermedim and iurbidam. The temperature of ascospore 
formation was expressed on the abscissa and the time of ascospore 
formation on the ordinate. The curves for all of the varieties were 
identical. The curves were convex towards the temperature axis. 
They are limited since they do not go beyond the temperature of 
ascospore formation. When studied relatively, it can be noted that 
their convex parts are little different; on the other hand their extremes 
are quite distinct from one another. These are, then, the temperatures 
which it is important to note well. 

The time necessary for ascospore formation in six varieties under 
the same conditions of temperature is equally interesting to consider. 
At the maximum temperature ascospore formation is accomplished in 
about 30 hours; at the optimum temperature, there is little difference 
among the different varieties; at the lower temperatures, the dif- 
ferences are more and more striking. Thus, for example, S. cerevisiae 
does not develop ascospores at 11,5® until about 10 days, S, inter'- 
medius at the end of 77 hours, etc. 

The following tables will indicate the limits of temperature, the 
optimum temperature and the time necessary for ascospore formation 
of six varieties studied by Hansen. 

^ How one is to tell when ascospore formation has begun is variable. It will 
be necessary to adopt some criterion for the beginning of the ascospores. 
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Maximum, Minimum and Optimum Tempeiiatuues for the Furmation 
OF Ascopores of Six Varietibr Studied hy Hansen 




Maximum 

Oplbnum 

Minimum 


Name of Yeast 

Temperature 

Te.rniyerature 

TemiMraiure 

Saccharomyces cerevisiae . . . 

37-35 

30 

9 11 


Pastorianus . 

29-31.5 

27.5 

0. 5' “4 

it 

intermedins . 

27-29 

25 

0. 5-4 

({ 

validus 

27-29 

25 

4 . H-*5 

it 

ellipsoideus . 

30.5-32.5 

25 

4. 7“"5 

il 

turhidans. . . 

33-35 

29 

4-8 


Times at which 

Ascospores Begin to Form in Six Vahibtieh 



Studied by Hanben 





Maximum 

Optimum 

Minimum 


Name of Yeast 

Temperature 

Temperature 

Tern fH*rat are 

Saccharomyces cerevisiae. . 

29 hours 

20 

10 

Cl 

Pastorianus 

.30 

24 

14 

Cl 

intermedins . 

34 

27 

17 

cc 

validus. . . . 

35 

23 

9 

cc 

ellipsoideus . 

36 

21 

11 

ct 

turhidans. . 

31 

22 

9 


Sexuality: Morphological Characteristics of the Asc and 
Ascospores. Germination of the Ascospores 

The copulation which precedes the formation of the asc in cer- 
tain yeastS; the morphological characteristics of the asc and a8eosi)or(\s, 
and, finally, the mode of germination have great significance in tlie 
determination of varieties. Thus, the existence of a copulation Berveni 
Barker in creating the genus ZygosaccharomyceSj characteri^ied only 
by their sexuality. With the exception of the Schizosaccharomyces 
which possesses an analogous copulation but in which the form and 
mode of cellular division do not allow any confusion, all of the 
yeasts in which the asc results from a copulation fall into the Zygo- 
saccharomyces. It is true that Klocker has discovered a new variety 
from which he has made a new genus, Deharomyces globosus and in 
which he has observed sexual phenomena of the same order. This 
variety, however, is distinguished from all of the other yeasts by the 
special shape of its ascospores, upon which Klocker has founded the 
genus Deharomyces. Therefore if one encounters a yeast which indi- 
cates sexual processes in the formation of the asc, and if this yeast 
divides by budding and does not form ascospores with a special form, 
it may be placed with some certainty with the Zygosaccharomyces. 

In Nematospora coryli and Monospora cuspidata the ascs arc 
larger and possess a more elongated form than the vegetative cells. 
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Finally a fixed number of ascospores is possible, 4 in the former and 
1 in the latter. Among the other yeasts, (Schwanniomyces^ Torula, 
etc.) it has been pointed out that the asc forms after an apparent 
copulation. 

Sometimes the shape of the ascospore is characteristic: hat shaped 
in Willia anomala, with rings in Willia Saturnus, with a knotty mem- 
brane in Sckivanniomyces, Thus, the existence of sexual phenomena 
in the formation of the asc, the shape of the asc and ascospores are 
sufficient to characterize the N cmatonpora^ Monospora, Zygosaccharo- 
myceSj Debar ormjees, Hclmmnnioniyces and Willia. 

The method of germination of the ascospores often furnishes deli- 
cate information for the determination of species. Hansen’s re- 
searches have made it possib’c' to charactc'.rize tlu'. SaccharomyceSy in 
which the ascosporc^s und(‘rgo gt‘n<M-tilly a (‘population at th(i bcjginning 
of gcninination, for tliey are (ionruHit.c'd two by two with a copulation 
canal. Two new cells iire formed by a process intermediate between 
budding and fission. 

But for th(^ gr(uit numb(‘.r of varieties, notably most of the indus- 
trial yeasts, tlui shape and dimensions of the ascospores and th(dr 
germination do not offer any distinctive factor which may be utilized 
for their identification. 

Temperature Conditions which Influence Scum Formation and 
Microscopic and Macroscopic Characteristics 

The mode of formation and thci a];)p(^aranc(‘. of thc^ scaims formed 
by different yeasts make ('sxcc'lkmt charac-h^rs upon whicli to separate 
the yeasts. By tins method, as has benm disc‘.uss(‘d in Uliapter IV, 
two groups of yeasts may bo distinguishcHl. Thc^ ycuists of one group 
form a scum at tlu^ beginning of fermentation; it is their mode of 
vegetation; the scums ar(^ well dcm^lopc'.d, grayish, with folds, and 
usually dry. They contain air. This group incliidc's the genera 
Willia and Pichia. For this group the temperature limits of budding 
and scum formation arc' evidently the same. 

However, many of tlie yeasts do not form a scum at temperatures 
close to their temperature limits. It has been stated that Klocker 
has demonstrated the beneficial effect of alcohol in the medium on 
scum formation in the gemera Pichia and Willia. 

The yeasts in the other group form their scums very slowly after 
the principal fermentation has terminated. The scums are rather 
viscous, wet, and do not contain entrained air. Many of the yeasts 
in this group form only a ring and some form neither ring nor scum. 
The character of the scum of this group has served Hansen for sep- 



172 CHARACTERIZATION AND IDENTIFICATION 

arating species. Hansen has shown that scum formation is related 
to the temperature. Certain temperature limits exist, minimum and 
maximum. They vary with the species and are easy to determine. 
When once determined, they are very useful for the separation of 
species. 

The scums have different macroscopic characteristics, depending on 
the variety and the temperature of culture; it may cover the surface 
entirely, float about as a small island, or appear as a ring around the 
walls of the container. In most cases the cells which make up the 
scum are united end to end to give somewhat the appearance of a 
rudimentary mycelium. In some of the bottom yeasts and the indus- 
trial varieties, one may observe the presence of durable cells. On the 
scum, then, one should determine the temperature limits, the optimum 
temperature, the macroscopic appearance of the scum at different 
temperatures and the microscopic appearance of the cells which make 
up this scum at different temperatures. The relation of temperature 
to scum formation is a very important characteristic. This determina- 
tion furnishes important data. The following tables, prepared from 
data secured by Hansen, are interesting. 

Tempebatubes at which Scum Formation Takes Place with Six 



Varieties 

AS Determined 

BY Hansen 



Name of Yeast 

Maximum 

degrees 

Optimum 

degrees 

Minimum 

degrees 

Saccharomyces cerevisiae 

33-34 

20-22 

6-7 

(C 

Pastorianics 

26-28 

26-28 

3-5.8 

<e 

intermedins 

26-28 

26-28 

3-5 

tc 

validus 

26-23 

26-28 

3-5 

ic 

ellipsoiden>s 

33-34 

33-34 

6-7 


turbidans 

36-38 

33-34 

3-5 


Times at which Scums Begin to Appear in the Six Varieties 
Studied by Hansen 

(Time expressed in days) 



Name of Yeast 

Maximum 

Optimum 

Minimum 


degrees 

degrees 

degrees 

Saccharomyces cerevisiae 

9 to 18 

7 to 10 

2 to 31 

tc 

Pastorianus 

7 to 10 

7 to 10 

5 to 61 

it 

intermedins 

7 to 10 

7 to 10 

5 to 61 

iC 

validus 

7 to 10 

7 to 10 

5 to 61 

if 

ellipsoideus 

8 to 12 

8 to 12 

2 to 31 

iC 

turbidans 

8 to 12 

3 to 4 

5 to 61 


It is evident that Saccharomyces elli'psoideus is distinguished 
from Saccharomyces turbidans by its maximum temperature. On the 

Months. 
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other hand, Saccharomyces iniermedius, validus and Pastorianus, 
varieties equally closely related, have the same temperature limits. 
With regard to the time necessary for the scum to appear, some equally 
interesting differences are brought out. 


Macroscopic Appearances of Cultures on Solid Media ^ 



The various varieties of yeasts do not develop after the same 
manner on solid media (agar and gelatin). They offer vegetative 
growths which we may use as differential characteristics.^ Certain 
varieties liquefy gelatin rapidly, others slowly or not at all. This is 
an important characteristic. It is important to inoculate the yeast 
into agar, gelatin, carrot or potato, and examine the 
microscopic appearance of the growth after the yeast 
has developed. The following determinations may also 
be made. 

Plate Culture: This is prepared by putting a little 
of the yeast in dilution into a Petri dish. The dish is 
partially filled with gelatin which serves as a food. Fig. 71.— Plate 
When the gelatin has solidified, each cell will develop Culture, 
into a colony which, for each yeast, will have some differential 
characteristic. 

Streak Culture: A test tube or Petri dish containing a solid me- 
dium with a large surface is streaked with a little of the yeast. The 
j^east will develop by growing along this line of inoculation. 

Stab Cultures: The yeast is stabbed into a solid medium by means 
of a stiff platinum wire. This introduces the yeast into 
an environment which has a reduced air supply. 

One may thus obtain many characteristics which 
will serve in the differentiation of the yeasts. The 
colonies will possess special forms. Hansen, for instance, 
has shown that on beer wort gelatin, S. cerevisiaej 
elli'psoideuSj Pastorianus, validus, and iniermedius when 
ig. 7 1- A.— inoculated in streak cultures, present very different 
Stab Culture appearances to the naked eye. The same was found 



in Gelatin. 


out with regard to the stab cultures. 


^ The Descriptive Chart of the Society of American Bacteriologists has been 
used by some investigators in America for recording the salient characters of 
yeasts. It has the advantages of offering a uniform method of procedure and 
of recording concisely in a small space the data for each yeast. The comparison of 
characteristics of yeasts is thus made easy. 

2 According to the investigations of Orsos, the form of the colonies is a func- 
tion of the elasticity of the medium upon which the yeasts are. The state of 
cohesion of the substrate is one of the determining factors and also, to a lesser 
degree, the activity of the yeast (Orsos, Die Form, der tierfliegenden Bakterien 
und Hefencolonien. Cent. Bakt. 54, 1910). 
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Giant Colonies 

Lindner ^ has devised another method which yields very good dif- 
ferential characteristics. This involves the growth of giant colonies 
which are much utilized today by bacteriologists and mycologists. 

They are made by inoculating 
a large surface of gelatin at a 
single point. The giant colo- 
nies grow steadily until they 
have reached larger propor- 
tions than the ordinary colony. 
The inoculation is accom- 
plished by placing a drop of 
dilution in the middle of a 
large surface. At laboratory 
temperatures (20° C.) it will 
require two months for the 
colony to reach its large pro- 
portions. There is an 
optimum temperature for each 
variety which permits the 
most characteristic form. 
Giant colonies, in each case, 
give a very different appear- 
ance. (Fig. 72.) However in 
most cases they merely 
furnish characteristics of the 

4, S. turbidans; 5, S. validus (after -Lindner) . grOUp aUU nOt SpeClilC 

characteristics. Giant 
colonies are sometimes susceptible to variations. 

The types of the cells in the mediums also furnish valuable in- 
formation. Saccharomyces Ludwigiij S. marxianuSy carlshergensis 
and P, inerribranaefaciens form mycehal filaments. Saccharomyces 
Bailii produce ameboid cells (Fig. 31). 

Biochemical Activity of Yeasts 

The action of the yeasts towards the different sugars is valuable 
information in their differentiation. The method of Lindner outlined 
above, may be used. It should be determined whether the yeast de- 

^ Lindner, P. Das Wachstum der Hefen auf festen Nahrboden, Wochenschr. 
Bran. 10, 1893. 

- Lindner, P. Garversuche auf vershiedenen Hefen und Zuckerarten. Wochen- 
sch. Brau. No. 17, 1900. 
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composes sugars like saccharose or maltose, and whether it ferments 
others as saccharose, maltose, galactose, fructose, dextrose, lactose, 
raffinose, melibiose, methylglucoside, dextrine, inulin, etc. This dif- 
ferential action towards the various carbohydrates is important in 
the determination of the yeasts. Some will decompose dextrose, others 
will not. The great majority will not decompose lactose. Lactose- 
fermenting yeasts arc not uncommon, however. Beijerinck^ (1889) 
found such a yeast in the Kefir grain. One was also found in Edam 
cheese by the same author. He called the one from the cheese Sac- 
charomyces tyrocola and the one from the Kefir grains Saccharomyces 
kefir. Grotenfeld ^ in the same year found a lactose-fermenting yeast 
in milk. With regard to these yeasts being true saccharomyces there 
seems to have l)e(^n some difference of opinion, since others have been 
unable to detect the formation of ascospores. l^ochicchio isolated a 
non-spore bearing yeast from Grana cheese which he named Lacto- 
myces infians-caseujraria. Freudenreich and Jenscui ^ report a lactose- 
fermenting yeast from Emrnenthaler cheese. Jensen later found two 
such yeasts in butter. Maze ® when studying ten Torulae from cheese 
found only one which fermented lactose. The others fermented many 
of the common carbohydrates. Duclaux reported three lactose ferrnentr- 
ers. Hunter ^ isolated such a yeast from 'Hoamy cream and regarded 
it as the (issential organism for this abnormality. The thermal death 
point of the yeast seemed to be near 55® G. Typical spores were not 
demonstrated which would seem to exclude it from classification with 
th(i Saccharomycetes. Trcihalosc is rarely f(u*ment(Hl by the yeasts. 
Hansen has been able to subdivide the (^accharoyiyces into six groups 
according to their action on the carbohydrat(^s. He has used such 
characteristics as the production of acetone and other compounds. 

Industrial yeasts are often classified as bottom or top yeasts. 
In the beer industry, the top fermentation and the bottom fermenta- 
tion are brought about by certain variations in the method of manu- 

^ Beijerinck, M. W. Die Lactase cin neucs Enzyme. Cent. Bakt. Abt. I., , 
6, 44, 1889. 

* (Jrotenfeld, G. Studien iiber die Zersetzung der Milch. Cent. Bakt. Abt. 

I, 5, GOT, LS89. 

^ Bc)chi(‘.(thio, N. IJeber einen Milchzucker Vorgaienden und Kiseblahungen 
hervorrufenden neuen Hefepilz. Cent. Bakt. Abt. I, 15, 546. 

^ Freudenreich, F. V., and Jensen, O. Ueber die Einfiuss des Naturlabes 
auf die Reifung des h]mmenthalerkases. Cent. Bakt. Abt. 11, 3, 544. 

® Jensen, 0. Studien liber Ranzigwerden der Butter. Cent. Bakt. Abt. 11, 

8, 251. 

® Maze, P. Quelques nouvelles races do levures de lactose. Ann. Past. Inst. 
17, 11. 

7 Hunter, O. W. A lactose-fermenting yeast producing foamy cream. Jour. 
Bact. 3, 293-300, 1918. 
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facture. One class is able to live at higher tenaperatures while the 
other demands a lower temperature. This characteristic does not 
seem to be constant, for a top yeast may transform itself into a bottom 
yeast. 

Finally, certain other characteristics, as the amount of alcohol 
produced in a fermentation, parasite or saprophyte, or pathogen, 
may be used. Lindner has also shown that one may use the nitroge- 
nous and hydrocarbon metabolism properties of the yeast. 

Methods for the Characterization of the Torula, Mycoderma' 
and Pathogenic Properties 

By summing up all of the characters, one may arrive at a deter- 
mination of a true yeast. But when a yeast is encountered which 
does not form spores or a scum, as many of the industrial yeasts 
and pathogens, or if it grows on the surface but forms no ascospores 
as with the Mycoderma, the determination becomes more complex, 
if not impossible. The most important characteristics are the tempera- 
ture of scum and ascospore formation. The biochemical character- 
istics and the giant colony formation remain. 

It is almost impossible to recognize most of the pathogenic yeasts 
described in the last few years. Many of these varieties need more 
study according to the newer methods. Leberle and Will ^ have shown 
that many of the characteristics for the differentiation of the Myco- 
derma and Torula should be taken from the biochemical properties 
of the species: assimilation of various sugars, alcohol, organic acids, 
resistance of the various varieties towards alcohol and oxidations of 
these compounds. Lutz and Guegen,^ from their work, have proposed 
another method for the determination of the species which consists 
in microscopic and macroscopic examination of the yeast on a great 
many different media. They propose to use the following media: 

I. General Media. 

A. Raulin’s solution, acid and neutral. 

B. Gelatin prepared from Raulin's solution. 

II. Nitrogenous media with organic nitrogen. 

Raulin’s solution with urea in place of the ammonium nitrate. 

III. Media made up of different carbohydrate materials and poly- 
atomic alcohols. 

1 Will, H. Beitrage zur Kenntniss der Sprosspilze ohne Sporenbildung. 
Cent. Bakt. 19, 1907; 221, 1908; Beitrage zur Kenntniss der Gattung Mycoderma 
nach Untersuchungen von Hans Leberle. Zeit. Brauw. 28, 1910. 

2 Lutz, L. and Guegen, F. De Punification des methodes de cultures des 
Mucidinees et des levures. Bull, de la Soc. de Mycologie de France, 1901. 
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A. Raulin^s solution without carbohydrates to which various 
sugars are added. 

^ Media containing hydrocarbons. 

A. Starch or inulin added to Raulin’s solution. 

L Various media. 

A. Milk 

B. Potato 

C. Carrot 

D. Egg albumin 

This method has not been used suflftciently to clearly judge its 
lue. 


CHAPTER Vllt 

VARIATION OF SPECIES 

T his is a rather intricate question to consider. The characters 
which we have just studied may be utilized for the determina-. 
tion of a species when they are fixed and do not vary within the 
species. This involves the whole question of constancy of characters. 
Are such characteristics absolutely constant or only relatively constant? 
To what extent may they vary? Do well-determined varieties of 
yeasts exist or may they change with the environment? Finally, if these 
variations occur, are they permanent or simply transitory? There is 
the important question, for if the characteristics upon which we would de- 
termine a yeast vary, all hope of differentiating species becomes illusory. 

Again it is Hansen^ who has contributed the most to elucidate 
this problem by showing that yeasts may undergo more or less im- 
portant variations; some permanent, others transitory. In some cases 
changes have taken place which have been of such nature that the 
yeast has not returned to its former state, even after attempts cover- 
ing a number of years. Let us consider some of these variations which 
permit the determination of species and separate them from each 
other. Some will be found to be more constant; others variable. We 
shall distinguish variations in shape (morphological) from variations 
in function. In this category, we shall separate the variations which 
are temporary from those which are permanent. Certain it is that 
such a division is arbitrary because modifications in morphology are 
always accompanied by modifications of physiological activities. It 
is well to adopt it, however, for the convenience of exposition. 

Morphological Variations : Polymorphism: Yeasts are quite poly- 
morphic and may show different shapes in the same culture. This 
may depend upon the conditions which surround the yeasts. 

If one inoculated, for example, a single cell into a nutrient me- 
dium, it would be found that many different cells would develop 
from this single cell; from this, it is seen that the yeasts have no 
definitely constant shape. With Saccharomyces cerevisiae it has been 

• ^ Hansen, E. G. Experimental studies on the variations of yeast cells. Read 
before the Botanical section of the British Association. Ipswich, Sept. 13, 1895. 
Annals of Botany, 9, 1905; Ueber die Variation bei den Bierhefepilzen und bei 
anderen Saccharomyceten. Zeit. Brauw. 21, 1898. Cent. Bakt. Abt. II, 4, 1898; 
Recherche sur la phys. et la morpholode des ferments alcool. C. R. des trav. du 
lab. de Carlsberg, 5, 1900. 
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shown that the cells may pass from the round shape to oval and 
even elongated and curled cells. A great difference will also be 
seen in the dimensions of the individual cells. In old cultures, yeasts 
are generally smaller, on account of the scarcity of food which does 
not permit the young cells to become fully developed. Also, such 
cultures, will give aseospores which germinate into smaller cells. We 
have also pointed out how the cells of S. apicidatiis may lose their 
apiculate shape during a few generations. Hansen has shown that 
the temperature may play a r61e in influencing the shape. For ex- 
ample, in cultivating SaccJiawmycei^ carldnryenKiH in beer wort at 27° 
and 7° C. this author obtained two very diflferent shapes. Those 
whic’h formc^i at 27° (\ prc'senicHl a normal appearance; the others, 
forme^d at 7° C., were very curious colonies made up of elongated cells 
forming a sort of mycelium. The ascospor(\s, themselves, may pre- 
sent among tlu^ various individuals of the same spe^ues veay different 
sha[)(\s. With P. ‘menibranaefaciem, for example, tlui aseospores are 
quite’; sph('rical at times, and at oth(‘,rs, may be egg-shaped. 

All of this simply points out that the cc^lls in yeasts are not con- 
stant in sha{)e and may, depcauling upon the circumstances, take on 
varial>l(^ forms temporary or permanent. In a word, they are poly- 
morphic. Although a spc^cies may present these various forms, there 
usually is a predominant shape which, to a certain degree, is charac- 
teristic "and may be regarded as normal for the species under question. 
In certain cases, one may note the predominance of abnormal forms 
among the normal. 

Hansen has taken two sc^ries of cultures in which the cells are 
distinctly different from a single cell of S. Carlsbergensis. One series 
shows oval or round cells of the cerevuiae type while the other is of 
elongated cells, more like the Pastorianus type. These last vegetations 
an^ then, abnormal, although they persist through a series of cultures, 
Hansen has Ixnm al)le to preserve this variation for six months. It 
appears, then, that in the life of the yeast diverse variations may 
spring up which may endure for a time and give the yeast an abnor- 
mal appearance. These are the spontaneous variations which occur 
without apparent cause and which may persist for a certain period 
of time and recall the fluctuations or fluctuating variations which 
are so often encountered with the higher plants and animals. 

Permanent Variations : Aside from the temporary variations 
there are permanent ones which persist through a number of genera- 
tions and very often become absolutely constant, creating new 
varieties. The investigations of Lepeschkin^ offer examples of more 

1 Lepeschkin, W. Zur Kenntniss der Ehrlichkeit bei der einzeUigen Organ- 
ismen. Cent. Bakt. 10, Abt. II, 1903. 
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constant variation in the characteristics of yeasts. Guilliermond has 
observed in a young culture of Schizosaccharomyces Porribe in beer 
wort a certain number of abnormal mycelial forms which suggest 
the appearance of little specks scattered in the growth among or- 
dinary cells. (Fig. 73.) These have been isolated and obtained in 
pure culture and maintained constantly in the same mycelial struc- 
ture. Lepeschkin has also isolated a similar mycelial 
structure which appeared in the growth of a young 
culture of 8ch. mellacei developing in glucose yeast water. 
(Fig. 74.) These mycelial forms in Sch, mellacei are 
either with or without spores. They make up, then, 
a constant species incapable of transforming them- 
selves into ordinary cells and seem to result from an 
hereditary modification of the cells. This transforma- 
tion, caused without apparent cause, seems to fall into 
the category of de Vries’ mutations. In the sporulation 
of yeasts we often find variations. Yeasts seem to lose 
very easily the power of forining ascospores and often do not recover 
it. Definite asporogenic races of yeasts are thus formed. Hansen 
made the first observations on this subject. 

In isolating a large number of cells of 
S. Ludwigii, this author obtained three dif- 
ferent races; one is marked by its ability to 
form ascospores; another group is made up 
of yeasts in which this power is almost 
extinct; the last contains yeasts in which it 
has entirely disappeared. There are, then, 
three races, an asporogenic, a feebly sporogenic 
and a sporogenic. The asporogenic race can 
be maintained for a long time. 

On the other hand, Lindner ^ has shown that when S. Bailii, P. 
hyalospora and P. farinosa are cultivated for a long time on must 
gelatin they lose completely their ability to form spores. Holm has 
reported the same thing with cultures of Saccharomyces multisporuSj 
cultured for a long time on beer wort with sucrose. Beijerinck^ has 
secured similar results to those of Hansen with Sch. octosporus. In 
cultivating this yeast on nutrient gelatin, this investigator noticed 
three types of colonies; first, white colonies made up of cells which 
do not produce ascospores; secondly, light brown colonies made up 

1 Lindner, P. Mikroskopische Betriebskontrolle in den Garungswerben, 
Paul Parey, edit. Berlin, 6th edition 1909. 

^ Beijerinck, M. W. Weitere Beobacht ungen iiber die Octosporusliefe. 
Cent. Bakt. 3, 1897. 



Fig. 74. — Mycelial Forma- 
tion in Sch. Mellacei (ac- 
cording to Lepeschkin). 



Fig. 73. — My- 
celial Forma- 
tion in Sch. 
Pombe (after 
Lepeschkin). 
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of a mixture of sporo|»;enic a,ii(l asporo^enic cells; thirdly, clear brown 
colonies made up of only asporo^c^nic cells. Th(‘. asporogenic cells 
could be maintained constantly in this st:ite. Beijerinck effected a 
separation of the types by lieating at 5(3°. The asporogenic type was 
killed by this treatment, only the spores ])assing through. These 
when grown on gelatin produccxl sporogcaiic. ct^lls with only about 1 
per cent of asporog(':nic cc^lLs. These latha* cells increase in propor- 
tion as the cultures are kept in the laboratory. The yeast slowly 
changes into aTi asporogcaiic type. 

Both of tluise types presc^nt different physiological and morpho- 
logical charact(^risti(ts. Th(^ sporogenic type is made up of cells 
more elongated, and li(iuefies gelatin mor('. (quickly than the asporo- 
genic variety, which prc'sents round cells grouped like the Sarcina. 
Both varieties may b(^ rcHiognizcKl macroscopically when treated with 
iodine. The colonies made up of sporogenic cells are blued since the 
membranc^s of thc^ asciosporc^s are impregnated with starch while the 
asporog(mic colonies arc colored yellow. This Is, then, a very definite 
example of a transformation of a yeast to a permanent asporogenic 
type. 

Similar results have been secured by Beijerinck (?) with Sch, 
Ponihc. By cultivating this yeast on nutrient gelatin, this investi- 
gator noticed the formation of two kinds of colonies, one white and 
composed of sporogcmic cells, the other brown, and made up of 
asporogenic cells. Here, them, wo have both the sporogenic and 
asporogenic cells. The loss of sporulation may be accompanied by 
a loss of sexuality as has very often been noticed in the yeasts and 
about which a little has been said in a preceding chapter. This 
is true in a yeast securcxl from Beijerinck’s laboratory under the name 
of ScL mellaceij in which the ascs form from ordinary cells without 
undergoing any copulation. This yeast, which differs a little from 
ScL mellaceij seems to be a parthogenetic variety. Quite a sifnilar 
observation has been reported with S. Ludwigii. Guilliermond had 
the opportunity to observe two types of this yeast from the same 
source. Both came from Hansen’s laboratory. With one the asco- 
sporc^s und(aavent a copulation at the moment of germination as is 
the normal procedure for this species. In the other, the copulation 
had (uitirely disappeared. All of the variations of sporogenic func- 
tion and sexuality which we have mentioned up to this point super- 
vene without apparent cause and may be regarded as true mutations. 

Other investigations by Hansen on the loss of sporulation give us 
an example of variation produced by an accurately determined cause. 
It is known that the maximum temperature of budding in a variety 
of yeasts, is always a few degrees higher than the maximum tempera- 
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ture of sporulation. Inversely the minimum temperature of budding 
is always a little lower than that for sporulation. What happens, 
then, if one allows the yeasts to remain for a period between these 
two temperatures? Such is the question that Hansen tried to solve. 
He obtained a complete loss of the ability to sporulate by cultivating 
a number of the yeasts for generations in beer wort at a temperature 
higher than the maximum for sporulation. He could not obtain the 
same results by placing the yeast at a temperature lower than the 
Tr>iTiiTr>nm for sporulation. The transformation is accomplished slowly 
and by successive culturing; the number of sporogenic cells gradually 
diminish until they totally disappear. Thus may be obtained as- 
porogenic varieties which may be maintained indefinitely. Hansen 
has been able to keep them for sixteen years without taking up the 
sporogenic property again. The types of yeasts thus secqred may 
be regarded as constant. These varieties offer new characteristics 
which give evidence of profound modifications in the structure of their 
protoplasm. The power of budding often increases and the colonies 
present a different appearance than yeasts. On the other hand, all 
of the varieties thus obtained, with certain rare exceptions, seldom 
produce a scum. Thus the loss of power to form spores is a charac- 
teristic definitely acquired by this variety when cultivated for a 
certain time on beer wort at a maximum temperature for the form- 
ation of endospores. 

This transformation of a species which is sporogenic into an as- 
porogenic type is a most typical example of an acquired charac- 
teristic which may approach the attenuation of a virus, as shown by 
Pasteur. How Pasteur attenuated the Bacillus anthracis by grow- 
ing it at a temperature of 42-43° C. is well known. Not only the 
toxic properties of the bacillus disappeared but also its sporogenic 
functions. Here we have the creation of a new type characterized 
by the loss of virulence and abihty to form spores.^ 

How does this loss of ability to sporulate in yeasts operate? Is 
it a transformation or a selection? Hansen does not regard it as a 
selection because many of the cultures of yeasts which he used to 
produce this sporogenic type, especially the yeast Johannisherg II, 
contains only sporogenic cells. Numerous observations have convinced 
him that an asporogenic cell exists in this culture. It must be a typi- 
cal transformation. 

Hansen has shown that by varying the composition of the medium 

^ Hansen has approached this transformation of a sporogenic into an asporo- 
genic yeast by certain variations which have been observed in the higher plants. 
In America the banana reproduces asexually while in mid-Asia it reproduces 
sexually. 
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employiii^j; a solution made up of peptone, maltose, 
^‘io^iS salts or a must j>;elatin, that the composition of the 
L not play any r61(^ in this transformation. The same 

' 03 C" ixeration of the culture. The only factor which seems to 
y temperature. 

foi*nnition of sporogenic and asporogenic types of yeast in the 
[Itxirn nf yeast s(H^ms ratluu' common. Nadson, rather recently, 
asporog(mic vari(‘(i(‘S in Nadi^orna fulvescens. The col- 
t-lxiB type have a while e.olor which distinguishes them from 
ropronic colonies which arc^ rcnldish. 

) i-xiis riotic(‘d in Zij(jomcch(mmiyceH Mandshuricus the forma- 
isporogcmi(‘. typ(\s, indi<uit.(Hl by a transparent yellow color, while 
ropremic types have a whitx^ color. The asporogc^nic type ap- 
^ tx mutation. If the white colonies are isolated both sporo- 
acl iisporogcnic colonies are obtained. When tlie asporogenic 
lire isolat(Hl, one obtains, almost exclusively, asporo- 
dlovv colonies. There seems to be a tendency to return to the 
lie type as is shown by other data. The sporogenic type 
from tlu^ asporogenic ty|)e by a certain number of 
U'i sties. The asporogcaiic type contains but a small amount 

| 2 :on. Their reaction towards Taigol’s iodine allows them to be 
ishod macroscopically. On the other hand the asporogenic 
liciuefies gelatin while the sporogenic race docs not. The 
lie. type forms a deposit of spherical cells at from 28° to 
le tlu^ other tyi)e forms long cells sometimes in chains, 
ir’ contrary to the observations of Hansen on pastorianus 
^yeast Johannisberg 11, in which the sporogenic race was only 
foniK'd; in H. rnandshuricuSj as in octosponc^^ and Nad- 
:ie asporogcahe varieties appeared quickly and do not seem to 
on conditions of culturing but on internal conditions. A low 
itnre, however, as in f^chizosaccharomyces octosporuSj favors the 
>n of asporogenic races, and in old cultures the asporogenic 
(irn to predominate. 

) lias also ol)aerved the formation of asporogenic races in 
':/i€:ir(miyc(\H Maridshmicus. There are white colonies and gray- 
>w colonies with irregular surfaces. The inoculation of a white 
I>roduces a majority of white colonics with a few yellow 
The inoculation of grayish yellow colonies gives the asporo- 
Th(^ asporogenic race is distinguished from the sporo- 
tce by the shape of its cells, longer and arranged in chains 
s p;ly cogen. Th(‘ white race which is not definitely asporogenic 
3ixdency to lose its sexuality and to give parthenogenetic ascs 
f Jt'uitful attempts at copulation. 
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Physiological Variations: Besides morphological variations, one 
may also observe physiological variations. A yeast may, for example, 
under certain conditions, induce more or less active fermentations in 
the same way that a bacterium may be made more or less virulent. 
But while certain bacteria, Bacillus anthracis for instance, may be 
made avirulent, among the yeasts it is impossible to suppress the fer- 
menting function. One may decrease it or even increase it but not 
entirely blot it out. 

The first investigations on variation of physiological nature in 
yeasts were carried out by Hansen. When cultivating two races of 
Saccharomyces carlhergensis for a long time in two series, one on ordinary 
beer wort and the other on the same substance to which gelatin had 
been added, he was able to build up a more actively fermenting type 
on the gelatin medium. By cultivating the ascospores of Saccharo- 
myces cerevisiae in gelatin with yeast water, the same investigator ob- 
tained a variety which would form from one to three per cent more 
alcohol than the original culture. On the other hand, by cultivating 
Saccharomyces carlhergensis in must at 32° C. Hansen has obtained a 
variety which formed less alcohol than the normal. According to 
Hansen, these results are due to a selection born of a transformation. 
The most active type will tend to be built up. From all of these 
examples which we have mentioned one is justified in concluding that 
cells of the same species of yeast often present great differences and 
that new varieties may be created by selection which have special 
physiological properties. 

This is the point of departure from the use in the industries of 
'' selected yeasts.'' By making a series of cultures from a single cell, 
as each cell possesses slightly different physiological properties, one 
may obtain strains presenting the definite properties of the original 
cell. Some will be more feeble and others more active. The latter 
have been termed “ yeasts by selection " for they may be maintained 
for a longer or shorter period and are then able to yield the best 
results in the industries. 

All of the physiological variations which we have just mentioned, 
increase or decrease of the fermenting function, are abrupt transfor- 
mations. It is now time to look into the work of Effront and other 
workers for examples of transformations due to determined causes, 
as the becoming accustomed to chemicals. 

The work of Beinarcki has shown that the antiseptics in small 
doses progressively increase the fermenting power of yeast up to a 
certain limit where the yeast degenerates . and dies. There are, then, 
doses which favor " this ability up to certain limits. Effront ^ has 

^ Effront, J. L’influence de Pacide fluorhydrique et des fluorures sur les 
levures de biere. Comp. Rend. Acad. Sciences, 117, 1893; 118 and 119, 1894. 
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studied the effect of fluorides and hydrofluoric acid on yeasts. A 
special concentration exists where the vegetative growth is greatest, 
and also where the fermenting activity is greatest. These two optima 
do not coincide. Wlien tlie fc^rmenting power is greatest, the vegeta- 
tion is absent. Dicnert/ in about the same manner, has shown that 
when yeasts which ffn-nuait galactose actively arc^ placcul in a saccharose 
solution and (^vc^ntually, aft cn- washing, are placed in galactose, tliey fail 
to induce a fcTnuaitation (piickly. Only after from 21 to hours is 
a typical fernuad.ation staiixHl. If the same experimcait is repeated 
with the exce{)t.ion that. gala(!tose replacc^s t.he saccdiarose, the fer- 
mentation will start in about, an hour. Tlu^ tinn^ for hamentation to 
start is thus greatly short.cauHl. By th(i latter treatment, the yeast 
iias been ‘‘ aecustomc^d ” t.o tlui galact-ose by the preliminary treat- 
[lumt. 

These results (jompare with invc‘stigations of Dul^org.'-^ It is known 
that t.he gn^ater numlxT of the ycxists a.r(*. al)le to ffu-iiK^nt galactose. 
Duborg lias beem able to train yeasts, which normally do not fcirment 
this sugar, to ferment it. Ihi cultivatcid his ycnist.s in a liquid very 
rich in carbohydrate matinials (yeast waten*, 25 p(‘r cemt, glucose 5 
per cent and galactose 5 i)(t (xmt). It is the cultivation of the yeast 
in this solution in thc'. prc'scmce of galactose which gives it a power 
which it did not possess. Thc^ more recent investigations of Harden 
and Norris^ have confii'nu'd these data. 

An increase in tlu^ activh.y of zymase may also b(‘, explained by 
these data. Duborg has goiu^ still furtlua-. He claims that a yeast 
which does not inven’t cum sugar may be mad(^, to do so l)y cultivating 
it in a nitrogenous iru'dium (iontaining dextrose and saccharose. This 
statement lias bcnai refutcul by ]\l<>cker and Ilanscui who claim that a 
yeast which do(‘s not ordinarily (h'comxiose sucrose cannot be made 
to do it. According to t.h(\se authors the jiossession of invertasc is 
a constant charactcu’istic and iiscfful in the determination of the yeasts. 

Other invc'stigalionB on ])hysiological variations havc^ becai carried 

^ Dienert, G. Sur la fermentation de la galactose et Taccoutumance des 
levures a ce suc^re. Ann. Inst. Past. 14, 1900. 

2 Duborg, 1C. Do la fermentation dcs Saccharides. Comp. Rend. Acad, 
des Sciences, 128, 1899. 

^ Harden, A. and Norris, R. The fermentation of galactose by yeast and 
yeast juice. PnxHHaiings of the Royal Society, 82, 1910. 

^ Klocker, A. La format.ion des enzymes dans les ferments alcooliques peut- 
clle servir a cara(;teriser I’c^spee.e? Comp. Rend. lab. de Carlsberg, 50, 1909. 

^ Hansen, K. C. Re(;h(;r(‘hes sur la physiologic et la morphologic des ferments 
'ilcooliques. XL La 8[)oro de saccharomyces devenue sporange. Recherches 
comparatives sur Ics conations de vegetative croissance et le d<^veloppement des 
^rganes de reproduction des levures et des moisissures. Comp. Rend, du lab, 
ie Carlsberg, 5, Book 2, 1902. 
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out by Will ^ and Jorgensen.^ Under industrial conditions, degenera- 
tions of yeasts which have been pure when used have often been 
obtained. A yeast winch may always have given good results 
may, of a sudden, give a beer with evident defects. The fermentation 
is too slow or too rapid, or the beer takes on an abnormal taste. A 
degeneration of the yeast has taken place. Will has noticed that this 
may occur in the cells of scum yeasts more than in those of bottom 
yeasts. According to Will, the yeast may be regenerated by repeated 
culturing. On the other hand Jorgensen has arrived at similar con- 
clusions. It seems then, that the cells in scum yeasts are more liable 
to degeneration. 

. We shall now consider the results secured by Hansen* on the 
transformation of bottom yeasts into top yeasts. It has been pointed 
out that, from the industrial viewpoint, yeasts are divided into two 
groups, bottom and top. The first are those which only produce fer- 
mentations at the higher temperatures, the second class produce 
fermentations at the lower temperatures. Hansen had noticed that 
certain yeasts of the bottom type, after having been cultivated for 
a period of time at low temperatures are able to induce top fermenta- 
tions, He then searched for an explanation of this observation, 
taking Saccharomyces turbidans which is well known as a bottom yeast. 

He inoculated a trace of this yeast into flasks containing beer 
wort and left them for from 3 to 5 months at a temperaWre of 5° C. 
after which he transferred some cells from these flasks to others at 
more favorable temperatures. The yeast thus obtained produced 
a top fermentation. Of 130 cells which he examined, none produced a 
bottom fermentation. Hansen has thus obtained the transformation 
of a yeast which is normally a bottom yeast into a top yeast by simply 
keeping it at a temperature of 5"^ C. What is the cause of this trans- 
formation? In order to seek an explanation, Hansen analyzed the 
properties of the cells of a culture of Saccharomyces turbidans which 
were subject to this transformation. He examined 100 cells and found 
that one-half offered characteristics of a top yeast and one-half had 
the characteristics of a bottom yeast. He extended his observations 
by inoculating cells from mixed industrial yeasts into separate flasks 
and incubating at 5° C. At the end of from 3 to 4 months, the cells 
of the bottom yeasts had given no growth while, on the other hand, 
the cells from top yeasts had given evidence of development. The 

^ Will, H. Zeitschr. f. d. ges.,Brau. 21, 1898. 

^ Jorgensen, A. Untersuchungen liber das Ausarten der Brauereihefe. Zeit. 
f. d. ges. Bran. 21, 1898. 

^ Hansen, E. C. Oberhefe und Unterhefe. Studien iiber Variation, Cent. 
Bakt. 15, 1905; 18, 1907. 
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cells of the bottom yeast continued to give a bottom fermentation 
and those of top yeasts a top fermentation. This seemed to show 
that there was • no transformation from a bottom yeast into a top 
yeast but probably a selection; at a temperature of 5° C., the cells 
from the top yeast developed alone while the cells of the bottom 
yeast remained stationary. Their properties however were not 
modified. Saccharomyces iurbidans offers, then; as Hansen de- 
scribed in 1883, characteristics of a bottom yeast. Such changes " 
have been induced since that time that part of the cells in a culture 
cause a bottom fermentation and part a top fermentation. This 
change had been induced spontaneously while the yeast was in Han- 
sen's laboratory and without apparent cause. Furthermore this 
characteristic seems to havie been retained, since Hansen, on later 
observations, found the same proportion of cells of both types of 
yeast. This phenomenon is related to the mutations of de Vries. 

Studies on other bottom yeasts by Hansen have also given some 
evidence of a change from bottom to top yeast. He isolated 1000 
cells from the yeast Johannisberg II y which, through a number of 
generations, had given a bottom fermentation. He cultivated these 
separately; 984 gave a true bottom fermentation while 16 produced 
an intermediary fermentation. The cells inducing bottom fermenta- 
tion tended to remain constant while those in the top fermentations 
tended to be changed. 

Two of the 16 cultures which induced an intermediary fermenta- 
tion, were studied further. Here are the results for one of them: of 
100 cells, 5 gave a top fermentation, 55 an intermediary fermentation 
and 40 a bottom fermentation. Other observations were made on the 
5 cells which produced the top fermentation. Of 100 cells, 78 gave a 
top fermentation, 9 an intermediary fermentation and 13 a bottom 
fermentation. In this particular case there was a more or less definite 
movement toward the top fermentation. Similar results have been 
obtained by using ascospores in place of the vegetative cells. 

Saccharomyces carlbergensis and monascends gave similar results. 

On the contrary, Hansen did not observe this tendency on the part 
of the top yeasts to transform into bottom yeasts. They seemed to be 
much more stable. He was not able to transform Saccharomyces vali-^ 
duSy a typical top yeast, into one which would produce a bottom fer- 
mentation. In one analysis, he could find only 3 bottom cells " in 
100 and he could not increase this number. In another analysis, out 
of 1529 cells only one was separated which induced bottom fermenta- 
tion. With Saccharomyces cerevisiae, another top yeast, out of 2423 
cells, Hansen found onl}^ 7 which gave a bottom fermentation and a 
more careful study of the vegetation formed by these indicated that 
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they were mixed types which only tended very slightly to induce 
bottom fermentation. 

These experiments show that the distinction set up between top and 
bottom yeasts does not exist; in reality, one may find both cells of 
top and bottom yeasts in the same culture. It may be that the 
conditions in the environment favor the development of one type, as 
with Saccharomijces turbidans incubated at 5° C. The bottom yeast 
may thus change into a top yeast, and perhaps top yeasts into bottom 
yeasts. 

In summarizing, it is apparent that the same species of yeast may 
undergo important variations in morphology and function. Thus, a 
new series of varieties and types may be created in which particular 
characteristics are maintained for a certain time, be it indefinitely. 
Thus also, with regard to physiological functions, the fermenting func- 
tion is susceptible in a certain measure, of being enfeebled or increased, 
or a top yeast may change into a bottom yeast. Is one justified, in 
light of these data, in refusing to differentiate between species? Cer- 
tainly not. We may use the temperature limits for the formation of 
ascospores, scum and for budding, and the action toward different 
sugars. The characteristics of the ascospores and germination main- 
tain themselves without undergoing modification. We may conclude 
that if the species is not definitely constant in yeast, it is as constant 
as with the other plants. More dfficulties are encountered with the 
yeasts on account of the variabihty of a great number of character- 
istics. 

“All of the variations of species seem to be more doubted than 
with the higher plants; variations are more rapid with the yeasts. 
Further, the specific characters are less definite than in the higher 
plants and one may distinguish less easily those which are constant 
and specific from those which are not. One may encounter yeasts 
scarcely more variable than the higher plants, but their generation 
time is much shorter and, consequently, the phenomena of variation 
appear more quickly. Here the investigator may be witness to re- 
markable transformations in a short time.” Such are the words which 
Hansen has used with regard to this question. 



CHAPTER IX 

CLASSIFICATION OF THE YEASTS 

W E have seen, in the preceding chapters, that the yeasts may 
be regarded as maldng up a group of lower Ascomycetes 
closely related to the family of Endomyces. It has been 
shown, also, that they seem to be derived from an ancestral form re- 
lated to Eremascus fertilis which may give birth at times to various 
representatives of Endomycetes and yeasts. On account of the close 
relations which exist between the yeasts and Endomycetes, Van 
Tieghem,^ in his recent classification, has attempted to place them 
in one group, the Eremascines. Hansen, on the contrary, considers 
the yeasts as making up a special family of Ascomycetes related to 
Exoascus and Endomycetes which he calls Saccharomycetes. Although 
among the Endomycetes and Saccharomycetes there exist all degrees 
of transition, and although there are such varieties as End. javanensis, 
which is with difliculty attached to either groups of these two families, 
we believe with Schroter ^ that the yeasts should be made a distinct 
family closely related to the Endomycetes and making up the group 
Protoascines. The great number of the yeasts and their medical and 
industrial significance seem to justify this opinion. How shall the 
representatives of the Saccharomycetes be grouped? Profiting by the 
morphological investigations of these later years by Hansen,^ a clas- 
sification may be proposed. This classification which was proposed 
in 1904 and has been added to by the work of Klocker ^ and Lindner,® 
is today uniformly accepted. 

However the recent work on the systematic and phylogenic rela- 
tions of the yeasts, not considering the great lines of this classifica- 
tion, do not justify it completely. We shall adopt a classification a 
little different from that of Hansen’s. 

^ Van Tieghem. Elements de botanique. Masson et Cie., Paris, 4th Edition, 
1906. 

2 Schroter, J. in Engler and Prantls Die nat. Pflanzen. W. Englemann, Leipzig, 
1889. 

^ Hansen, E. C. Grundlinien imd Systematik der Saccharomyceten. Cent. 
Bakt. 12 (1904), 528. 

^ Edocker, A. Deux nouveaux genres de la famille des Saccharomycetes. 
Comp. Rend, des trav. du lab. de Carlsberg, 8, Book 4, 1909. 

^ Lindner, P. Mikroskopische BetriebskontroUe in den Garungswerben. Paul 
Parey, Edit. Berlin, 6th edition, 1909. 
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We shall eliminate from the Saccharomycetes all of the yeasts which 
do not form ascospores. Such are the Torula, My coderma, and the 
pathogenic yeasts. These yeasts do not offer any characteristic which 
permits giving them an accurate place in classifications of fungi. 
The one may represent forms derived from mycelial fungi and fixed 
in the state of yeasts, the others may be true yeasts which have 
become asporogenic. They may be placed apart in a separate group 
from the Saccharomyces. 

In the family of Saccharomyces, we shall include all yeasts which 
sporulate whatever their mode of division. Contrary to Hansen, 
we shall not separate the Schizosaccharomyces. These yeasts, if they 
are differentiable from the other yeasts by the mode of division 
(transverse partition), belong incontestably to the Saccharomycetes 
by the copulation which preceded the formation of the asc with the 
greater part of them. They are related to the Saccharomycodes in 
which the cells divide by an intermediate method between typical 
partition and budding and which offer a form of transition between 
the Schizosaccharomyces and other yeasts. We shall subdivide the 
Saccharomyces into five groups. 

The first group wiU include the Schizosaccharomyces characterized 
by their method of division, transverse partition. By the formation 
of the asc which results from an isogamic copulation, this group 
may be regarded as strictly related to the Endomycetes. 

In the second group are placed those yeasts which offer in the origin 
of the ascs, a copulation iso- or heterogamic and which, having lost their 
sexuality, have, however, preserved traces of it. It is a very primitive 
group from which seem to be derived all other budding yeasts. 

In the third group, we find all yeasts in which the formation of 
the asc is not preceded by any sexual phenomenon and which in liquid 
media, vegetate, at first, as a sediment and produce later a scum 
very slowly more or less mucous. In certain species, a parthenogamy 
between ascospores may intervene. Almost all of the species in this 
group are able to induce fermentations. This group corresponds to 
Hansen^s first group less the yeasts of our second group. 

In the fourth group are yeasts which, without any trace of sex- 
uality in the formation of the asc, form in liquid carbohydrate media 
a mycodermic scum. After the air has penetrated into its interstices, 
it takes on a dry opaque appearance. Most of these yeasts do not 
cause fermentations but produce ethers. Some of them have parthe- 
nogamy between the ascospores. This group corresponds to Hansen’s 
second group.^ 

1 The classification of Hansen differs from ours only in the following points: 
First, the Schizosaccharomyces are excluded and considered as a special group of 
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Finally in the fifth group {Saccharomycetes doubted by Hansen) 
we shall include the genera Monosporay Neniatosporay and CocaidiascuSj 
which offer by the shapes of their ascospores very special charac- 
teristics and of which the affinities are not well laiown. 

The first group includes only the genus Schizosaccharomyces repre- 
sented by only a few species. 

In the second group we shall place the genus Zygosaccharomyces, 
first characterized only by isogamic or heterogamic copulation which 
precedes the formation of the ascs and which seems to make up with 
the Schizosaccharomyces an archaic type which has retained an an- 
cestral copulation similar to the Eremascus. Next comes the genus 
Deharomyces (Klocker) characterized by its ascopores in thorny mem- 
brane. This genus actually includes only a single species Deh, glo- 
bosus which has a copulation similar to the Zygosaccharomyces and 
appears to progress toward heterogamy. The new genus Nadsonia 
(Guilliermondia) of Nadson and Kinokotine, created for species with 
heterogamic copulation, is characterized by the fact that the asc is formed 
from a cell and a bud from that same cell. The ascospores, generally 
to the number of one, resemble the ascospores of Deharomyces. They 
havQ a large fat globule in their center and a membrane slightly 
verrucose. The genus Schwanniomyces (Klocker) includes only Sch. 
occidentalis which is characterized by a thorny membrane but belted 
by a projecting collar. Here the ascs have preserved traces of sexual 
attraction and attempt to anastomose two by two before sporulation. 
The genus Torulaspora, created recently by Lindner for yeasts which 
present the typical spherical shape of the Toruloy is badly defined; 
however, we shall reserve for it a place along with the Schwanniomyces 
because the ascogenic cells show traces of sexual attraction. We 
shall include in this genus, by the side of Torulaspora Delbrilcki 
(Lindner), a certain niunber of yeasts which offer equally a spherical 
shape and which, on the other hand, have preserved traces of sexual 
attraction (yeasts E and F of Rosa for instance). 

The third group, one large in numbers, includes the genus Sac- 
charomycodes (Hansen) in which the cells multiply by a process in- 
termediary between transverse partition and budding, and which, 
from this point of view, may be regarded as a form of transition 


yeasts. Secondly, the Saccharoniyces are divided into two groups only) the first 
includes yeasts which form a scum only at the end of fermentation. This scum 
is mucous without occluded air bubbles. This group includes the genera Sac- 
charornyceS} Zygosaccharomyces, Saccharomycodes, Saccharomycopsis. The second 
group includes the types which give a sciam at the beginning with bubbles of air 
in it: genera, WilUa and Pichia. Thirdly, the genera Nematospora and Monospora 
make up a group under the name of doubtful Saccharomycetes. 
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between the Schizosaccharomyces and the ordinary yeasts. This genus 
is characterized by a tendency to produce mycelial formations rather 
well developed and the replacement of ancestral sexuality by a com- 
pensating phenomenon or parthenogamy consisting in the fusion of 
ascospores two by two. 

After this genus may fall the genus Saccharomycopsis (Schion- 
ning) which only includes S. guttulatus and which is characterized 
by ascospores in a double membrane resembling those of the Endo- 
mycetes {EremascuSj End. fibuligeVy and capsularis). We shall separate 
the Saccharom^ycopsis capsularis (Schionning) from this genus in order 
to include it with the genus Endomyces. The investigations of Guil- 
liermond with this species seem to indicate that it approaches E. 
fibuliger when the mycelial formation and method of formation of the 
ascs are considered. 

The genus Saccharomyces (Meyen) includes all yeasts in which the 
formation of a mycelium is not observed and in which sexuality has 
disappeared with the exception of a few species (yeast Johannisberg 
IT) in which the primitive copulation has been replaced by a fusion 
between the ascospores (parthenogamy). 

Finally the genus Hansenia (Lindner-Klocker) characterized by 
its special apiculate cells and hat-shaped ascospores terminates the 
series. 

Since the Saccharomyces includes all brewery, distillery, cider 
and wine yeasts and other industrial yeasts, and consequently a 
large number, we shall, with Hansen, make six sub-groups according 
to their fermentation reactions: First, Saccharomyces which ferment 
saccharose, maltose ^nd dextrose with no action on lactose. Sec- 
ondly, Saccharomyces which ferment saccharose and dextrose but do 
not ferment lactose or maltose. Thirdly, Saccharomyces which fer- 
ment dextrose and maltose but not saccharose and lactose. Fourthly, 
Saccharomyces which ferment dextrose but neither lactose, saccharose, 
or maltose. Fifthly, Saccharomyces which ferment lactose. Sixthly, 
Saccharomyces which produce no fermentation and in which the fer- 
menting function is imperfectly known. 

In the fourth group, we shall include, with Hansen, two genera, 
Pichia (Hansen), characterized by hemispherical ascospores, and 
Willia, characterized by special-shaped ascospores having the form 
of a derby hat. 

In the fifth group, we shall place the genus Monospora (Metsch- 
nikoff), characterized by its ascs with a single ascospore, and the genus 
Nematospora (Peglion), characterized by its asc with 8 fusiform asco- 
spores with a long mycelium and the genus Coccidiascus (Leger), 
which is characterized by a probable copulation preceding the forma- 
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tion of the asc containing 8 ascospores. These two genera, until 
their relations arc better known, merit a place apart. 

Along with the Saccharomycetes we shall make up a family of non- 
Saccharornycctes or doubtful yeasts — all those which do not form 
spores. Three groups will be made here: First, the Torula^ including 
all yeasts which in liquid media vegetate in the bottom of the culture 
tube but eventually form a slimy scum with no air bubbles, having 
all of the other charact(n’ist.ics of the third group with the exception 
of spore formation. Secondly, the genus PscMdosaccharomyces pro- 
posed by Kl()cker for th(^, apiciulate yeasts which do not sporulate 
and th(^ M ycoderrna which forms a slimy scum with air bubbles. These 
corr(\spond, in general, with the fourth group of the Saccharornycetes. 
Thirdly, the genus Medusomyces (Lindau), characterized by a thick, 
stratified, gc^latinous scum, and the pathenogenic yc^asts to which have 
been given the gcaunic name of Cryptococcus (Vuillemin)d Below 
is given a r<5suin6 of the classification which we have just outlined. 

Family of Saccharomycetes 

Unicellular fungi, multiplying by budding, sometimes by parti- 
tion and forming ascs. Each cell may change into an asc in which are 
formed from I to 4, rarely 12, ascospores, each ascospore enclosed in 
a vegetative c(41. 

Fiiist Group 

Yeasts multiplying l)y partition. Ascs often derived from a copu- 
lation, with 4 or 8 ascospores. These arc provided with a single mem- 
brane. 

Genus I. Schizosaccharomyces 
Skcond Group 

Budding yeasts; sc'xual phenomena, sometim(\s only in traces, in 
the formation of the asc. 

^ Dc Bcurmann and Gougerot (L(‘s mycoses dans Ic nouveau Trait6 dc m6de~ 
cine et do therapeuti(iuc de A. Gilbert ct Thoinot, Bailli^re, ed. Paris, 1910) 
have creatcxl the following three genera for pathogenic yeasts which do not sporu- 
late. 

1. Atelossaccharomyces (areXos *- imperfect) which include all well-differenti- 
ated yeasts which do not sporulate. 

2. Parasaccharomyces which include fungi resembling the yeasts but which 
offer rudimentary filamentous forms sometimes true filaments. 

3. Zyrmnema (^vuv " Icvurc, vryna = filament) which include intermediate 
forms between the yeasts and Endomycetes characterized by a mixture of yeast 
forms and mycelial formations. 

The pathogenic yeasts are, as stated above, not very well known and the 
placing of them into genera is difficult. This classification seems premature. 
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Genus IL Zygosaccharomyces. Barker 

Ascs preceded by a copulation, iso- or heterogamic, ascospores 
with a thick membrane. 

Genus III. Debaromyces. Klocker 

Ascs derived from a copulation most often heterogamic, with 
globular ascospores provided with a single verrucose memtbrane. 

Genus IV. Nadsonia. (Guilliermondia) Nadson 

Ascs derived by budding from a cell formed by heterogamic copu- 
lation. Ascs with walls more or less thick. 

Genus V. Schwanniomyces. Klocker 

Traces of copulation; ascosporc'is wii,h a singles verrucose mem- 
brane formed of two uruKiual i)arts girdled and provided with a pro- 
jecting collar. 

Genus VI, Torulaspora. Lindner ^ 

Round cells reseml)ling Torula with a larger fat globule in the center. 
The ascs present only traces of copulation in their origin. 

Third Group 

Budding yeasts which form, in sugar solutions, at first a deposit, 
and later on a more or less slimy scum without occluded air. Asco- 
spores, round or oval, with from 1 to 2 membranes, germinating by 
budding; generally produce alcohol. 

Genus VII. Saccharomycodcs. Hansen 

Cells divide by a procedure intermediary between budding and 
division. Frequently rudiments of a mycelium with transverse walls. 

Ascospores in a single membrane germinating in a single dirc^ction 
in the form of a tube which swells up and separates the ascospore by 
the formation of a transvc'rse wall accompanied by a slight circular 
constriction. Germination often preceded by parthenogamy. 

Genus VIIL Saccharomycopsis. Klocker 
Ascospores in two membranes. 

^ This genus seems to be characterized by its traces of copulation as the 
investigations of Rose have indicated. We have united these characteristics with 
those provided by Linder to characterize this genus. 
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Genua IX. Baccharoniyces. Meyen 

Ascospores in a single luembranc, gerruinating by budding some- 
times with tlie formation of a rudimentary mycelium. 

First Hub-Group ; Saccharomyces fermenting dc^xtrosc^., maltose 
and saccharose, but not lactose. 

Second Sub-Group: Sacchanmiyces fermenting dextrose and sac- 
charoses l)ut- iKuihen' maltose nor lactoses 

Third SulvCiroup; l^acchar(mtyceH fermenting dextroses and mal- 
tose but neither sa(icharose nor la(d.os(\ 

Fourth Sub-Group: Saecharoniycc,s f(‘rm('nting d(‘.xtrose but not 
maltose^, saccharose nor lactose. 

Fift.li Sub-Group: HciccharoniyccH fermenting lactose. 

Sixth vSub-(h*oup: S(wchar(>}nyceH not inducing fermentations or in 
which the characteristics of fermentations are insufficiently known. 

(Jenny X. Hansenia. Lindner. Klockcr 

Apiculate ceils. Ascs wit.h a singles ascospore. 

Fourth: Group 

Budding ycuists whicii form a scum immediately in sugar media; 
scum is dry and opaeiuc, including air. Ascospores in characteristic 
shapevs (in the form of a lemon, hat e)r angule)us) with a single mem- 
brane, often with a pre)jeHiting cedlar. Generally do not produce 
alcohol but eihe^r. 

( Jemis XI. Pichia. Hansen 

Hemisi)herierd ascospore^s. Ruelimcntary mycelium wcil deveiopeKl. 
Do not e:ause ferme'ntatie)ns. 

(Jemis XII. Willia. Hansem 

Ase;e)spore*s in the^ feirm e)f a lemein or hat with a projeiction like 
a girdle; generally elo ne)t pre)due*,c ale‘e)hol but eiiier. 

Fifth Group 

Yemsts in whieii the relationships are not weil known. 

Genus XIII. Monospora. Metschnikeyff 

Budding yeasts, ascs with a single ascospore, in the form of a 
needle, genninating laterally by budding. 
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Genus XIV. Nematospora. Peglion 

Budding yeasts, ascs with 4 fusiform ascosporc^s, terminating with 
a cilium. 

Family of Non-Saccharomycetes 

Budding yeasts but forming no ascs. 

Genus I. Torula. Turpin 

Generally spherical cells, often forming a scum but only after 
fermentation; scums always slimy without thci pr(‘staice of air bubbles. 

Genus II. Pscudosaccharomyces. Kl()cker 

Apiculate cells. 

Genus III. Mycoderma. Persoon 

Cells generally elongated; scums are formed at the end of devel- 
opment with the presence of air bubbles. 

Genus IV. Medusomyces. Lindau 

Scums appearing at the beginning thick, stratified and gelatinous. 

Genus V. Cryptococcus. Kutzing-Vuillernin 

Yeasts without ascs, parasitic to animals. 

There now remains a descriptive study of species of yeasts. We 
shall describe all of the yeasts which arc actually known. The yeasts 
are excessively numerous and space will not permit an examination of 
all of them. Many of the industrial yeasts, well known on account of 
their physiological properties, have not been studied morphologkuilly 
and have not been given provisional names. Finally many of the 
Torula and Mycoderma and pathogenic yeasts have been insuffi- 
ciently characterized. It will be necessary to pass over thos(‘- whi(;h 
are not completely described and devote our attention to those which 
are more fully characterized. 
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(CHAPTER X 

FAMILY OF SACCHAROMYCETACEAE 

U nicellular multiplying; by l)iiddinf 2 ; or transverse 

division and forming; ascs. Each cell has the ability to change 
into an asc and form from one up to twelve ascospores, each 
ascospore germinating and forming a vegetative cell. 

First Group 

Genus I. Schizosaccharomyces 

Round or rectangular cells, dividing by transverse partition. Asc 
with 4 or 8 ascospores ordinarily resulting from isogamic copula- 
tion. 

SCHIZOSACCHAROMYCES OCTOSPORUS. Beijerinck^ 

This sp(‘ci(\s was found by Beijerinck on fruits from warm climates 
(raisins from C-orinth, Gr(H'.(;e, Asia Minor, and Turkey, and figs from 
Smyrna). It poss(‘ss(%s largo cells of various shapers; some are rectan- 
gular, r(^s(nnl>ling the oidia of Endomyces or giant bacteria; others are 
spherical and res(unbl(‘- the Micrococcus (Figs. 8 and 14). The rec- 
tangular (^(41s [)red(>minatc in young cultures, while the spherical cells 
appear (^specially wluui multiplication commences, and change into 
an asporog(‘.nic typ(\ 

()ft(^n th(i Cecils iK^ar the ends show the presence of circular lines 
which mark divisions between the old part of the cell wall and that 
which was nc^wly fornuHl. 

Multiplication is brought about by transverse division: a wall 
appears in th(^ mid<ll(^ of the cell, making two daughter cells. The 
wall (juickly increases in size and the two cells become round in shape. 
The c.ells may rc^main attached in such a way that the mother cell 
may have 4 or more daughter cells attached. The daughter cells 
may undergo a transverse partition without separating from the 
mother cell. The cells are then grouped somewhat in the same way 
as the Sarcimi. 

Sch. ocios'porus never contains glycogen at any time of its de- 

1 Beijerinck, W. Hch. octoaporus. Cent. Bakt. 16, 1896, also 1897. 
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velopment. Sporulation seems to be rapid and appears at the end of 
two or three days on solid media (slices of carrot, beer wort or wine 
to which gelatin has been added). It may happen that, at the end 
of fermentation, the vegetative cells in the sediment may contain 
ascospores but, in this case, sporulation is feeble. The ascs form 
with difficulty on plaster of Paris blocks; according to Seiter they 
appear at the end of six or seven hours at 25° C. 

Sporulation is preceded by a sexual phenomenon which was 
studied by Guilliermond ^ in 1901. The asc results from an isogamic 
copulation which takes place between two neighboring cells. These 
unite by means of a copulation canal through which the contents of 

the two cells mix. The fusion results in the 
formation of a large oval zygospore (6-10.5 
wide and 14-20.5 long). This transforms 
slowly into an asc. Sometimes the fusion 
remains incomplete, and the asc seems to be 
formed of two enlarged parts united by a 
caiial. All intermediary stages are found, 
however, between complete and incomplete 
fusion (Figs. 14, 15, and 16). 

The ascospores, always 4 or 8 in each 
asc, are usually ellipsoidal in shape. They 
are surrounded by a membrane, covered 
wdth a starchy reserve material which stains 
blue with iodine (Lindner); this is utilized 
during germination. The wall of the asc persists, or more often disap- 
pears immediately before germination; the ascospores, having been set 
free, separate or remain attached. Germination begins by a swelling 
of the ascospores which take the appearance of vegetative cells and 
divide in the usual manner. On nutrient gelatin the colonies are round 
with a thick center. 

We have seen that Beijerinck noticed, when the yeast was inoc- 
ulated onto gelatin, that three sorts of colonies were obtainable; first, 
white colonies made up of cells which formed ascospores; secondly, 
clear brown colonies made up of only vegetative cells; thirdly, light 
brown colonies made up of cells forming ascs and those with no ascs. 



Fig. 74r-A. — Karyokenesis in 
the Ascs of Schizosac- 
charomyces Octosponcs. 


^ Guilliermond, A. Recherches histologique sur la sporulation des Schizo- 
saccharomycetes. Comp. Rend. Acad. Sciences, 133, 1901; Recherches cytologiques 
sur les levures et quelques moisissures ^ form levures. These for the Doctorate 
in Sciences at the Sorbonne, Storck, Lyon, 1902. Summarized in the Revue 
generale de Botanique, 15, 1903; Recherches surle developpement du Gloeosporium 
nervisequuin et sa pretendue transformation en levures. Rev. gen. de Bot. 20, 
1909. 
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This irulicMtecl the possibility of two types of yeasts, a sporogenic and 
a non-sp()rog(',nic race. The light brown colonies are formed by a 
mixture of the two typers. 

Both typt‘s are encountered constantly in nature. They possess 
different morphology and physiology. The sporogenic race is made 
up of rectangular cu'ills while, an the contrary, in the asporogenic type, 
round c('lls predominate a-nd are often situated in the shape of a 
Sarcina. Finally the si)()r()genic race liquefies gelatin more rapidly 
than th(‘ as})orog(mie.. Tlui sporogenic racci shows a tendency to trans- 
form into th(^ asporogcmict typ(^ wlum cultivated for a long tirm^ m 
the laboratory. 

Schizomcxharoniijcefi octoi^poriis never produces a scum on beer wort 
but. simi)ly a feel)l(^ ring. It. fei’incmts lactose, dextrose, levulose 
d-gala(^^()S(^ d-ma,nn()S{\, raffinosc^ dextririe and a-mcdhylglucoside. It 
may also cause a f(H'bl(^. hn’mentation of xylose (Lindner). It has no 
action on sa(a*.haros(^ whic.h it. does not ferment. From the biochemical 
point of vi(iw, ScMzomcxharoniyceH octosporus is distinguishcid from 
l^acrJianyniyces mdlacei and Hck. Ponihe in that it ferments d-galac- 
tose and has no action on saccharose nor inuline. 


SCHIZOSACCHAROMYCES POMBE. Idndncr 


S€hizoH(icchar()fnyc(\s Poniha was discovered l)y Saarc and Zeidler in 
African b(‘(a* madc^, from milk^t and described by Lindner ' in 1893. 
Its Cecils ai’(^ mii(‘li smalUn* than thos(^ of S(Mz()sa(TJiar<rrmjces octo- 
sporusj usually n'taugular, with roundc^d ends and about 7 /u in length 
and 4.5 /z broad. Tlie (h41s r(\s(anbU^ the Oidia of the 
Endomycu's v(‘ry mucli or (W(‘n giant l)acilli. In old 
media tluy t(md t.o d(Hjr(‘as(i in Icmgth and approach the 
app(^aran(!(^ of ba(d(‘ria. 

Tluy divid(‘ by transvers(^ partition always in the 

sanu^ way a.s l^ikiz(>mcAkuT()}nyces octonporus (Fig. 75). 

Thc^ transv(n‘S(^ walls s(‘parate the cells into unequal Fig. 75. — Vege- 

parts. Under (xa-tain conditions, as the absencci of air, tatiye Cells in 

o c hizoscicchd- 



ro^nyces Porahe 
on Carrot 
Slants. 


the <‘(hs (d()ngat(^ V(a'y much and may present many 
cross walls without any sc^paration taking place. Some- 
times one may obscawe tlu^ formation of lateral branches. 

We hav(^ scnai that Lcqx^scdikin has been able to ol)tain on beer wort, 
in thc^ deposit, little floes having a characteristic myc(4ial formation 
with cross walls and braiudiings. The cells of this ycaist never include 
glycogen. Growth demands at least a temperature of 15"^ G. 

‘ LindiuT, S('hiz(m(i(r.h(tr(>myceii Potribc no, sp. ein neucr Gdrungserregcr 
Wochenschr. Brauena. 1893. 
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Sporulation is accomplished with difficulty on plaster blocks, but 
is easily observed in hanging drops in which it appears at the end of 
seven or nine hours. It is easily obtained on slices of carrot at the 
end of a few hours, in old cultures on gelatin, and in the growth in 
beer wort after fermentation. Guilliermond ^ has found that the ascs 
result from an isogamic copulation. The fusion is always incomplete 
and results in the formation of two swelled parts united by a narrow 
canal. The ascospores, always to the number of four, are formed in 
pairs, two in each swelhng. Their dimensions are about 4 /x in diame- 
ter (Fig. 76). Their walls are covered with a starchy substance which 

is colored blue with iodine. 


Quite often the ascospores may 
C\ 1 form at the expense of cells which 

Jc 0 (^Q QU have not undergone copulation. 

W eg) „ The ascs reabsorb their mem- 

U ^ branes generally before germina- 

^ 0 uV tion, and thus free the ascospores. 

0^0 ® Qn (9 /] Germination is brought about in 

S ^ ^ following manner: the 

O' ascospores swell up and divide 

by “e the 

vegetative cells. 

Beijerinck has noticed as in Sch, octosporus, the existence of a 
sporogenic variety forming white colonies on gelatin and an asporo- 
genic variety forming brown colonies on the same medium. 

This yeast forms no scum on beer wort but produces a ring at 
the end of a month. On gelatin, there develops a compact layer of 
fine channelings with a liquefaction of this medium. 

Sch. Pombe is a yeast easily attenuated. Fermentation is very active 
and manifests itself as top fermentation. The optimum temperature for 
feimentation is situated between 30° and 35° C. This yeast provokes 
an apparently strong fermentation of beer wort: it ferments maltose, 
saccharose, dextrose, levulose, raffinose, and a-methylglucoside. On 
the other hand, it is able to ferment inuline and dextrine. 


3 


Fig. 76. — Formation of the Asc in Schizosac- 
charomyces Pombe, 


SCHIZOSACCHAROMYCES MELLACEI. Jorgensen 2 

This yeast was discovered by Greg ® from Jamaican molasses used 
in the manufacture of rum. It has been described by Jorgensen and 
Holm. It is a species closely related to Schizosaccharomyces Pombe 
1 See references under this subject for Sch. octosporus. 

- Jorgensen, A. Die Mikroorganismen der Garungsindustrie, 5th edition P. 
Parey, Berlin, 1909. . 

^ Greg, P. The Jamaica Yeasts. Bulletin of the Botanical Department, 
Jamaica, Vol. 2, 1895. 
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Schizosaccha- 
romyces Mel- 
lacei from 
Cultures on 
Slices of Car- 
rot. 


from which it may scarcely be distinguished by its morphological 
characteristics. The cells have the same shape as those of Sch, 
Pombe but are generally a little larger (Fig. 78). 

Developing on carrot slants, Guilliermond found the measure- 
ments to be about 9.5 /x by 5.1 /x; the cells of Sch, 

Pombe under the same conditions are about 7 /x long 
and 4.5 /X wide (Fig. 77). 

Lepeschkin has noticed in this species as in the 
former one, the appearance of a true mycelium in 
deposits at the bottom of the culture flask. 

Sporulation of this yeast is obtained easily at the pig. 77.— Vege- 
end of a few days on beer wort gelatin in hanging tative Cells of 
drops. The observations of Guilliermond^ have shown 
that the ascs result from an isogamic coplation which is 
accomplished in the same manner as with Sch. Pombe. 

The ascs have a shape like a dumb bell, both swelled 
portions being connected by a narrow canal (Fig. 78). 

The ascospores always to the number of four appear in pairs in each 
large part of the asc. Cases of parthenogenesis may be often observed 
in which the ascs result without previous copulation. The ascospores 
are long and rounded (about 4^c in diameter). They are very refractive, 

and are clothed with a mem- 
brane impregnated with starchy 
materials which are stained blue 
by iodin in potassium iodide. 

This yeast produces no scum 
on beer wort but forms a ring 
^ . atthe end of four or five months. 

j Plate cultures in gelatin and 

Cl streaks on gelatin offer growths 

which on the surface and in the 
medium are closely detailed. 
Sch. mellac&i ferments beer wort 
at 25°; there are signs of top 
fermentation with a broken-up deposit, not very compact. During 
fermentation it liberates an agreeable odor. It ferments dextrose, 
maltose, levulose, saccharose, raffinose, d-mannose, dextrine, a-methyl- 
glucosides and inulin; it is distinguished from Sch. Pombe by the fact 
that it ferments d-mannose on which the latter has no action. 

According to Greg this yeast produces several types which are 
characterized by the peculiar odor given off during fermentation, or 

1 Guilliermond, A. Rem. sur la copulation du Schizosaccharomyces mellacei. 
Bull. Soc. Bot. de Lyon, 1903. 



Fig. 78. — Formation of the Asc in Schizosac- 
charomyces Mellacei. 
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by the amount of alcohol, which varies between 6.6 and 7.6 per cent by 
volume. These types also differ by the rate at which cellular multi- 
plication takes place. 

It seems appropriate to mention a very interesting Schizosaccharo- 
myces which we ^ have been able to observe. This was sent by Pro- 
fessor Beijerinck under the name of Sch. mellacei. An examination 
of this yeast shows that it differs from Sch. mellacei by a complete 
disappearance of sexual processes. (Fig. 79.) The ascospores, al- 
ways to the number of four, are formed in 
ordinary rectangular or elongated cells with- 
out any previous copulation. The vegeta- 
tive cells are much smaller than those of 
Sch. mellacei or Sch. Pombe. On carrot slants 
their average size is 6.8 fi long and 3.5 /z wide. 
The ascospores are about the same size (about 

Fig. 79. — Parthenogenetic 4 /x) as those of Sch. mellacei and Sch. 

Variety of Schizosaccharo- Pombe 

myces Mellacei. ^ i i • • 

By its morphological characters, it differs 

from Sch. mellacei and Sch. Pombe. Unfortunately no study was un- 
dertaken of its biochemical features, and we are not able to state 
whether it is a new species or whether it is a variety of Sch. mellacei 
and Sch. Pombe in which sexuality has disappeared. 







SCHIZOSACCHAROMYCES ASPORUS. Eykmann 

This yeast has been described by Eykmann; Mt is a yeast used in 
the manufacture of arrack (the alcohohc drink of Java made from mo- 
lasses from sugar refineries and rice powder). It is distinguished from 
Schizosaccharomyces Pombe by the fact that it does not produce endo- 
spores. Beijerinck thinks that it is an asporogenic variety of Sch. 
Pombe. On nutrient gelatin, it produces white and brown colonies; 
the white colonies give more ascospores than the brown colonies. 
It inverts and ferments saccharose. 


SCHIZOSACCHAROMYCES APHALARAE CALTHAE. Sulc 

This yeast was discovered by Karel Sulc ^ in the larvae of 
Aphalarae calthae (Homoptera). It possesses spherical cells which are 

^ Guilliermond, A. Remarques sur la copulation du Schizosaccharomyces 
mellacei. Bull, de la Soc. Botanique de Lyon, April, 1903: Thesis for the Doc- 
torate mentioned elsewhere in this volume. 

2 Fjykmann, C. Mikrobiologisches liber die Arrakfabrikation in Batavia. 
Cent. Bakt. 16, 1894. 

® Sulc, K. Pseudo vitellius imd ahnliehe Gewerbe der Homopteren sind 
wohnstatten symbiotischer Saccharomyceten. Sitzungsberichte der Konig. Bohm. 
Gesellsch. der Wessinschaften in Prag. March 30, 1910. 
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short (about 1 to 2 in length) containg a nucleus and metaehromatic 
granules. The cells are often grouped in twos. (Fig. 80, 1 to 4.) 


SCHIZOSACCHAROMYCES FORMOSENSIS. Naka^awa^ 

This species was isolated recently by Nakazawa from sugar prod- 
ucts in Formosa. On beer wort, the cells are ellipsoidal or irregular 



Fig. 80. — Sch. Aphalarae Calthae. 


1 and 2, Vegetative cells; 3, two 
gametes about to unite • (?) ; 4, egg 

resulting from the fusion of the two 
gametes (?) ; 5, 6, cells dividing by 
budding; 7-9, cells dividing by parti- 
tion; 10-12, beginning of germination 
of the ascospores (after Sulo). 



mosensis, var. Tapaniensis. 

Z>, Copulation; d, ascs; /, P, germination of 
spores (after Nakazawa). 


in shape (9.2-16.8 X 4.8 m but usually about 7.2 X 6-9 m)- The 
optimum temperature for budding in beer wort is 32° C. The ascs 
are formed at the end of 7 days and* are derived from an isogamic 
copulation similar to those in Schizosac- 
charomyces Pombe. They contain ellipsoi- 
dal ascospores with no glycogen, but 
their walls are impregnated with starch. 

On wort, a ring is formed at 25 to 37° C. 
and at 32° C., but not below. At 25 to 
27° C., a scum is formed. The temperature 
limits for scum formation are 25 to 27° C. 
and 37° C. This yeast ferments dextrose, 


OOOcooQ 



Schizosaccharomyces 


inuline, dextrine, d-mannose, d-galactose, Yv^ 
d-fructose, saccharose, maltose, raffinose, Formosensis. Vegetative Cells, 
and a-methylglucoside. _ laC ' “IkS 

Nakazawa described two other varieties 
of this yeast, Schizosaccharomyces 

Formosensis and Schizosaccharomyces Formensis, var. akoensis. This 
latter variety differs from the former by larger cells and larger 
ascospores and also that the ascs are formed at the end of 5 days. 
No ring is produced at 32° C. and scums are not produced at all. 
Schizosaccharomyces Formosensis j var. tapaniensis, another variety, 

1 Nakazawa, R. Ueber Garungsmikroorganismen von Formosa II. Ber. der 
Inst, fur Exper. Forshungen, 1914. 
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has cells intermediate between tlu^ two previous sp(‘ci(‘Sy forms its 
ascs at the end of four days and produces a ring at. *12° (1, but never 
forms a scum. 

SCHIZOSACCHAROMYCES SAUTAWENSIS. Nakamwa 

This species was isolated by Nakazawa from sugar in Formosa. It 
has elliptical cells when grown in beer wort (7.2 —8.4 X 4.8 usually, 

a' rarely 7.2-- 19.2 X 4.8 m). The 

optimum temperature for growth 
on beer wort is 32® C. Ascs 


0 0 . 6‘CQ 0 m 

pc 

Fig. 80 -C. — Schizosac- 
maromyces sautawcnsis. 
Vegetative Cells. 

b, c, and/i, Copulation; d, asow; /, /*, 
germination of upores (after Naka- 
zawa). 


oOOOop, 0 , 


Fig. ^(yT).--SchizoBaccharomycs» 
Jonmmnm. 

5, c, ri, Copulation of thtuisc; /.germi- 
nation of spores (after Nakazawa). 


are formed at the end of seven days. They are derived from 
an isogamic copulation, possessing ellipsoidal ascospores without 


glycogen and with starchy walls 


(2.5 X 3 to 3.75 ju). A ring is 
formed at from 25® to 32® C., but 
none is produced at 37® C. It 
gives a scum at from 25 to 27® C, 
It ferments dextrine, dextroses, 
d-mannose, d-galactose, d-fructose, 
saccharose, maltose, raffinose and 
a-methylglucoside. 


SACCHAROMYCES NOK- 
KOENSIS. "Nakazawa 

Isolated under the same con- 
Schizosaccharomyces ditions as the preceding typo, this 
yeast possesses ellipsoidal wills on 
spores; beer wort (9.0-10.8 X 3.0-5.25, 
rarely 4.8-10.0 X 3.G-5.2)u). The 
optimum temperature for growth in beer wort is 32° C. Ascs are 
formed after two months, without a copulation. The ascospores arc 
ellipsoidal, spherical, or hemispherical (3X5 microns) without glycogen 
and with starchy walls. A ring is produced on Irocr wort at 25-32° C. 



Fig. 80 -E. 


Nokkoensis. 


a, Vegetative cells; b, germinating 
0 , ascs (after Nakazawa). 
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but more at 37°. No scum is formed. It ferments dextrine, dextrose, 
d-mannose, d-galactose, d-fructose, saccharose, maltose and raffinose. 

SCHIZOSACCHAROMYCES CHERMETIS ABIETIS. Sulc 

This yeast was found in Chermes atnetis and resembles Sch. Pombe 
very much. The cells are oval. They were not cultivated by Sulc. 
In the larvae of Psylla Foersteri he found Sch. Aphidis; Sch. Psyllae 
Foersleri was found in the larvae of various homoptera. He also ob- 
served in certain of the 
homoptera, fungi resem- 
bling the Schizosaccharo- 
myces in which multipli- 
cation was accomplished 
by division or budding 
and which did not form 
ascospores. The author 
gave them the generic 
name of Cicadomyces. These are distinguished from the Schizosac-- 
charomyces by the fact that their division remained for a long time 
incomplete; the cells remain united at their apexes and are able to 
form chains of cells. The author describes C. Ptyeli lineati and the 
C. Aphalarae calthae. 

Holiande ^ has observed the yeast forms in the blood of other 
insects. He studied the blood of the locust {Caloptenus italicm). 
Under normal conditions, the blood of this insect is yellow, but when 
it is infected with the yeast it is a milky white. Holiande could re- 
produce the infection only by injecting blood from an infected insect 
into a healthy insect. These insects died i from 5 to 7 days and 
their blood was found to be fihed wit the yeast parasite. 

The yeast structures were cylindrical. Their dimensions varied 
from 4.98 to 6.64 microns in length and from 1.70 to 2 microns in 
width. A vacuole is present in each end of the cell. Buds may 
appear at the end. After staining with ferric hematoxyline a cir- 
cular nucleus is observed which is rich in chromatin. This parasite 
grows well on blood serum with a white scum; on gelatin, growth 
is abundant. Fine filamentous structures may be seen at the edge of 
the cells. No spores could be demonstrated. 

Second Group 

Yeasts multiplying by budding, and in which the ascs are derived 
from a copulation, or show traces of sexuality in their origin. 

1 Holiande, A. Ch. Formes levures pathogenes observ6e dans le sang d’Acri- 
dium (Caloptenus italicus). Comp. Rend. Acad. Sci. 168 (1919), 1341-1344. 



Fig. 81. Sch. Cher7neiis strohilohii (1 to 4) and 
Sch. Chermetis abietis (5 and 6) (after Sulc). 
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Genus II. Zygosaccharoniyees. Barker 

Ascs resulting from a copulation of two cells. Aseospores in a 
membrane which is smooth. 

ZYGOSACCHAROMYCES BARKER!. (Barker) Sacear(lo«Sy<l«)w * 

This species was found by Barker - in ginger Ixht to which had 
been added saccharose and nutrient salts. Tliey havc^ ilw shapes of 
small oval cells. (Fig. 82.) The maximum Uanperaturc^ for budding 

on nutrient g(‘Iatin is in th(‘ vicinity of 37 • 
38° (I ; the minimum near 10 13° i\ 

The ascospon^s a|)i)ear easily, tioi only on 
plaster blocks l)ut in gnnit numl)(*rs on other 
nuHlia (nutri(‘nt. g(‘latin, damp bread, potato, 
carrot). Tht^ maximum temperature for 
, the formation of aseospores on plaster l)lock8 

ces Barkcri. Vegetative IS 37 -38 G., th(^ minimum around 13 . At 
Celia and Aaca (after the first rudiments of aseospores 

' appear at the end of 20 to 24 hours. 

The ascs result from an isogamic copulation Ixdwecm two cAK 
This copulation, which has been described by BarkcT, is accompIisluHl 
in the same manndl' as in Sch. Pomhe and mellacei. Two cc'lls idtm- 
tical in characteristics, unite by means of a copulation canal fornuxl by 
the fusion of a little projection from (xich c(h. The fusion nanuins 
incomplete and the cells look like a dumb-bell. The aseospores are 
formed in the swelled portions of the asc. Their numlier varices be- 
tween two and four. (Fig. 82.) Zygomcchawniycef^ Barken does not 
form a scum on sugar solutions, l)ut at the end of 10 to 14 days a. ring, 
made up of oval cells, appears. It ferments dextrose, l(nail()S(‘, sac- 
charose, and a-mcthylglucosidesbut neither maltose, lactose^, nor d(\xtrine. 

ZYGOSACCHAROMYCES PRIORIANUS. Klockca* 

This species, rocov(u*ed by Klo(‘ker from tlu^ t)odic^s of pos- 

sesses cells of varying shapes, elongated, round or oval, som(^tim(\s in thc^ 
shape of a sausage and almost always unittnl. The temp('ratur(‘ limits 
of budding are: maximum, 36-38° C., and minimum, 3~8° ib 

Spores are easily produced on gelatin or wort, carrot or agar. 
On plaster blocks, on the contrary, they form very slowly. TIu^ limits 
for the formation of aseospores on plaster blocks saturated with beer 
wort, are 27-28° and 3-9° C. 

^ Saccardo and Sydow. Syllage fungorum, Vol. II, 1902. 

2 Barker, P. A conjugating yeast (Zygosa(u^haromyces n. gen.). Proc. of 
the Royal Society, Vol. G, July 8, 1901. On the spore forinati()n among tho 
Saccharomycetes. Journal of tho Federate Institutes of I^rewing, 8, 1902. 

3 Klocker. In Lafar’s Handbuch der technischen Mykologie, Jena, 1904-1905. 
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Klocker showed in 1904 that the ascs of this yeast are derived 
from an isogamic copulation; consequently it is related to the genus 
Zygosaccharomyces, Copulation is accomplished exactly as in Zy. 
Barkeri. The ascs are formed of two large portions united by a canal 
(Fig. 83). The ascospores in the number of 2 or 4 
are formed in each large part of the asc; they are 
round or oval. We have shown that quite a few of 
the cells form ascospores v/ithout having undergone 
copulation. Parthenogenesis is, then, rather fre- 
quent. (Fig. 83, a, b, c.) This yeast forms a rather 
scant scum but very often a well-developed ring, 83 —Formation 
The appearance of the colonies on gelatin at the of the Asc in Zyg. 
temperature of the laboratory resembles the shape P'^onanus. 
a cupule. This yeast ferments dextrose, levulose, saccharose and 
maltose but not lactose. 




ZYGOSACCHAROMYCES JAVANICUS. de Kruyff 

This species was isolated in Java by de Kru37ff ^ in 1908 on partly 
decomposed foliage. It is a yeast with elhptical cells from 4 to 8 
jLt in diameter. The optimum temperature for budding is situated 
between 34 and 35"^ C.; the maximum is around 38°. Spores appear 
easily on gelatin and are preceded by an isogamic copulation. Zy» 
javanicus - does not form a scum. It is a bottom yeast which ferments 
dextrose, levulose, saccharose and d-galactose. 


ZYGOSACCHAROMYCES JAPONICUS. Saito 
Syn.: Soya.-Kahmhefe Saito 

This yeast was discovered by Saito ^ in 1906 among the products 
of fermentation of Soya; it was, at first, given the provisional name 
of Soya-Kahmhefe. It is a yeast with round or 
oval cells (Fig. 84) w^hich frequently gives long 
threads made up of budding units. The ascs in 
certain numbers are observed in the scum grow- 
ing on Koji or in cells developing on gelatin. 
They are easily obtained on Gorodkowa’s gelatin 
medium. Saito in 1909 showed that they were 

Fig. 84. — Zyg. Javon- preceded by a copulation similar to that of Zyg. 
icus (after Saito). i ^ x • 

Barken and on account of this, this yeast is 

attached to the Zygosaccharomyces. The ascs resemble retorts united 

1 de Kru3rff, E. Untersuchungen iiber auf Java • einheimische Hefenarten. 
Cent. Bakt. 21, 1908. 

2 Saito, K. Mila-obiologische Studien tiber Soyabereitung. Cent. Bakt. 17, 1906. 
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by their necki:^. (Fig. 85.) Tlie miiiibor of asc()siK)r(‘B varies in each 
asc. They are spherical (2.7 to i)M fi in diainc'txa') aial are relativc^ly 
resistant. Germination is accomplished by l)U{lding. Guilliermond 
has noticed frequently cases of parthenogenesis in this yeast in which 
the ascs form without preliminary copulation. On decoction of '' Koji/^ 
^ -o t (Xp yeast produces a white farinaceous scum. 

^ ^ ^ ^ surface of this scum a number of l)uh- 

<7 hies of carbon dioxide form. The scum increases 
ooOO^^ slowly and turns to a light brown. 

The giant colonies are raised, diy and light 
^ ^ S gray in color. The surface is conciaitrically 
Fig. 85.-- Copulation and and cut up by fissures. The edgc^ of the 

Formation of the Ascs colony is notched. Under the colony numt^rous 
in Zyg. Japonicus. bubbles of gas may be found. 

The cultures on gelatin have a light brown appearance. This 
species ferments dextrose, levulose and maltose but has no action on 
5-galactose, lactose, saccharose, melibiose, raffinose, a-rnethyl-gluco- 
side and inuline. Zyg. japonicus by the character of its scnim, ap- 
proaches the genera Willia and Pichia very much. It is distinguished, 
however, by the fact that the scum completely developcvs only in 
decoctions of ^^Koji.'^ Takahashi and Yukawa^ have rectudly rtv 
described this yeast as follows: 

This species was isolated from many samples. Since this y(uist 
and Zygosaccharomyces salsus develop and foi’in i)articular grayish 
brown films even on a “ Shoju ” which any otluu’ kinds of film-form- 
ing yeast could not grow, both these yeasts arc^ fearcnl in storing 
Shoju. Moreover, this species very easily forms large numbers 
of sporulated cells. - 

Young cells from the surface cultures on Koji ^^-(^xtract agar 
are round (commonly 4-8 c.c.) or oval, and contain glycogcm. In 
old cultures club-shaped or mycelial cells are often observed. Most 
of the cells in a diluted Shoju ” arc elongated abnormally and in- 
crease the number of vacuoles. 

On plate culture of wort gelatin, this yeast forms a grayish white, 
crater-like, elevated colony with smooth periphery, and the color 
turns brownish after the lapse of time. On “Koji ^^-extract-gela- 
tin streak culture, the growth shows a grayish white, somewhat 
dried, lustered, folded covering with fine toothed edge. On “ Koji 
extract culture at 23° C. it forms mealy white, small filmy fragments 
on the surface, and covers the whole surface after 3 days. The film 

Takahashi, and Yukawa, M. On the budding fungi of '‘Bhoju-Mororni.” 
Original Comnaunications of the 8th International Congress of Applied (Chemistry, 
14 (1912), 155-171. 
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crinkles like crepe paper, increasing its thickness, and its color changes 
to yellowish brown. After three weeks the film gradually falls down 
and deposits a great deal of sediment on the bottom, leaving a thin 
film over the surface, and at last only a few parts of the yeast ring 
remain along the wall. In wort culture at 23° C., after keeping the 
culture for seven days film does not form, although gas bubbles as- 
cend through the medium. After three months a well-defined yeast 
ring and thin film become observable, but- this film has never been 
folded at all. This species reproduces and forms its particular film 
even in '' Koji ’'-extract or ''Shoju'' which contains 23% of NaCl. 

It is most noticeable that this species forms a grayish brown, folded 
film on the surface of sterilized Shoju after a long time, while other 
races which we isolated from Shoju-Moromi cease the reproduction 
of their cells in the same medium. 

This species ferments dextrose, maltose, levulose, but does not 
ferment saccharose, lactose, rafiinose, a-methylglucoside, galactose. 

It rarely produces spores in a yeast ring of ^^Koji ’’-extract cul- 
tures after three months. After Gorodkowa’s method, sporulation 
occurs often after 10 days at 28° C. Following the diluted Shoju ” 
method which has been described in the preceding plate, a large num- 
ber of sporulated cells occur in the yeast ring after 4-5 days. The 
spore is transparent with a somewhat thick wall; it is round or oval 
in shape, 2.5-6 fx in size, and contains a few tiny grains. The proc- 
esses of formation and germination of spores in this yeast and other 
relations are similar to the preceding yeasts. This yeast seems to be 
identical with Zygosaccharomyces japonicuSy Saito. 

Mitsuda and Nishimura have found in the fermentation of Soya 
an asporogenic yeast. Kita has recently described a yeast similar to 
Zygosaccharomijces major (Takahashi and Yukawa) which differs in 
that galactose is not fermented. 

ZYGOSACCHAROMYCES SOYA? (Saito) Guilliermond ' 

This yeast was found with the preceding yeasts by Saito ^ in the 
products from the preparation of Soya sauce and designated as Sac- 
charomyces Soya. It is made up of spherical or oval cells (4 to 8 ju 
average size) with relatively resistant walls and homogeneous con- 
tents with large vacuoles. (Fig. 86.) No ascospores are produced on 
plaster blocks, or in yeast water to which dextrose has been added 
or pure agar; abundant sporulation is observed, however, in the rings 
formed on a decoction of Koji. The ascs are usually made up of two 

1 Saito, K. Mikrobiol. Studien iiber die Soya-Bereitung. Cent. Bakt. 17, 
1906. 
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swelled parts connected l)y a canal and ofTc'r a r(‘S(^inl)hinc(‘ to the 
ascs of the Zygosacchawmyces and we shall not hesitates to attach this 
yeast to this genus although copulation has not been observed up 
to the present time. (Fig. 86.) 

The ascospores are generally to the number of from 1 to 4 peu-ase 

and arc located in each part of it. Th(\y are 

spherical, hyaline and posscsss a resistant wall. 

Their diameter is from 2.7 to 4.5 microns. 

0-0 Giant colonies are a grayish brown color; 

they are raised in the center and have a grc^atly 

notched edge. On plates, colonies are produecKl 

which resemble dots, round and moist. On 

. gelatin streaks or stabs the yeast offei’s a greenish 

and ^of coloration along the line of inoculation and on 

Zygosaccharo7nyces the surface a grayish yellow. Zygosaccharomyces 
>So 2 /a (after Saito). . . i x i i i 

soya ferments dextrose, levulose, d-mannose, 

d-galactose and maltose easily. It does not act on saccharose, inuline, 
a-methylglucoside, lactose, melibiose, or raffinose. It inveu’ts sac- 
charose but does not ferment it. Its invertase doc^s not pass through 
the cell wall and is, therefore, an eiKkxmzynu^ 
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ZYGOSACCHAROMYCES LACTIS a. W. Dombrowski 

This species isolated by Professor Jensen from Ixhu* has betui 
described by Dombrowski ^ (1910). On beer wort the C(‘lls art^ spheu’i- 
cal and have an average diameter of 4.7 /x. Sporulation is pix^ccnled 
by an isogamic copulation which is 
effected after the normal procedure. 

The ascs which result are made up of 
two enlarged portions comu'-cted by a 
' canal. (Fig. 87, 2 and 3.) The asco- 
spores are formed in these two enlarged 
parts and vary from one to four in each 
asc. Germination is accomplished by an 
absorption of the wall of the asc after 
which ordinary budding is accomplished. 

This species produces, on beer wort at 
room temperature, a scant scum made 
up of cells with a normal shape. 

The colonies on plates are lenticular 
and are round or torpedo shaped. In stab cultures the growth extends 
about 3.5 centimeters below the surface. Giant colonies offer a crater- 

1 Dombrowski, W. Die Hefen in Milch und Milchprodukten. 

28 , 1910 . 



1. Vegetative coIIh. — 2 and a. Ahch (after 
Doinbrowaki). 


Cent. Bakt. 
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iform center about which there is a sort of raised wall. The edge is 
slightly fringed and partly covered with ridges. It produces an energetic 
fermentation in beer wort which it clears in about 10 days. The wort 
is slightly colored and made to give off an aromatic odor. In about 
100 c.c. of wort, after five and a half months, it forms about 4.5 
grams of alcohol. Zygosaccharoynyces lactis a produces an active 
fermentation in milk. It ferments lactose, saccharose and dextrose 
and d~galactose but has no action on maltose. Along with the alcohol 
and carbon dioxide which it produces, small quantities of acids are 
produced. 



F'ig. 88. — Saccharomyces 
Bailii (according to 
Lindner). 


ZYGOSACCHAROMYCES BAILII (?) (Lindner) Guilliermond 
tiyn. sAcoiiAROMYCKs BAILII. Lindner 

This yeast was isolated from beer by Lindner.^ The cells are large 
and elongated, and have resistant walls. The contents are ordinarily 
homog(^neous and brilliant. In old cultures 
they posscvss a peculiar irregular ameboid shape. 

At th(‘ (uid of a long series of cultures on 
gelatin, this yeast loses its property of sporulat- 
ing. The ascosporcs an^ very refractive almpst 
devoid of granules and rc^sistant walls. A copu- 
lation seems to be indicated by the shape of 
the asc which is made up of two enlarged parts. 

(Fig. 88.) Then it is aliout certain that this 
species may be incorporated in the genus Zy- 

gosaccharomyces. 

This opinion is confirmed by the presence 
of ameboid cells in old cultures, some 
of which sporulate and which seem to 
be endowed with unfruitful attempts 
at copulation. No scum is formed by 
this yeast; on hop wort, it develops at 
the bottom of the culture. Fermenta- 
tion is very feeble and growth less 
abundant. The must gives off an aro- 
matic odor. 

Giant colonics on gelatin or beer 
wort have a slow growth and remain 
small. The surface is glistening and a 
grayish white. Gelatin is not liquefied. The cells often present an 
ameboid shape. 

^ Lindner, P. S. farinosiis et Bailii. Woch. Brau. 1893. 



Fig. 88“A. — Zygosaccharomyces 
Mandshuncun, Hporogenic Race 
from Sediment in Wort at 
28® C. (aftcir Saito). 
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On gelatin streaks, a whitish deposit forms. In gelatin stabs 
the yeast shows a tendency to form lateral rays. In gelatin to which 
must has been added, vesicles of carbon dioxide are formed here and 
there. This yeast is able to ferment only dextrose and levulose. 


ZYGOSACCHAROMYCES MANDSHURICUS. Saito^ 

This yeast was isolated from Ohinese yeast which is us(hI to pre- 
pare the Teau de vie in Manchuria, an alcoholic drink known as 
Sorgho. The cells are round or oval (0.50.5 /x in dianudea*). The 
giant colonies are round or oval with a flat edg(^ On plaster blocks 



Fig. 88-B . — Zygosaccharomycea 
Mandshuriem (after Saito). 
Copulation and Formation of 
the Ascs. 



Fig. 88-C. — ZygoHaC” 
charomyces Mand- 
Bhwricm. Partheno- 

S bic Ascs from 
of a White 
Race (after Saito). 



Fig. SS-D. — ZygomiC’- 
chximmycm Maiul- 
shuricfU'H. Asfyoro- 
gonic Variety, (kills 
from S e d i m e n t a I 
Growth in Wort at 
20° C. (after Saito). 


in beer wort, and on Gorodkowa’s medium, ascs are formed con- 
taining one to four spores (45 ju in diameter). These result from 
an isogamic copulation. The temperature limits for sporulation are 
30 to 35° C. This yeast ferments dextrose, levulose, and mannose 
energetically, saccharose feebly. 


ZYGOSACCHAROMYCES MELLIS ACIDI. Richter 

Isolated from honey undergoing an alcoholic fermentation, this 
yeast possesses cells of small dimensions. The ascs are formed by 
isogamic copulation. The yeast ferments glucose, fructose and sac- 
charose actively and galactose feebly, but has no action on other 
sugars. 

' Saito, K. Mikrobiologisohe Studien iiber die Bereitung dcs Mandaehurischen 
Branntweins. Report of the Central Laboratory, South Manchuria Railway Co. 
1914. Bull. Past. Inst. 12 (1915) 1. 
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ZYGOSACCHAROMYCES NADSONII. Guilliermond 




The — Zygosaccharo- 

myces chevalieri, Cells 
from Sedimeut in Beer Wort 
24 Ifours at 25° C.; 2, Asco- 
sporcs. 


This species was isolated by (jiuillieniiond ^ from a large bottle 
of orange syrup at Hospital 101 at Lyon during the summer of 1915. 
In this it caused a very active fermentation. After 12 hours in beer 
wort at 25-30^ this yeast forms a white deposit at the bottom 
of the flask. In a hnv days there is produced over tlie surface of 
the liquid a very d(h(uite covering. Later a ring develops which 
falls to the bottom of the flask when it is disturbed. This ring 
does not seem to re-form. The cells are generally round or oval in 
beer wort cuIturc^s whi(di are 12 hours old. 

Sometimes tluvy are isolat(Hl but generally 
they adhere in a small group; after 24 
hours this tend(Mi(‘.y is greatly increased. 

Th(^ c(dls are gcuu^rally round or oval and 
form b\idB around their peripheries, 
cells may rescanbk' those of Tomla. After 
8 to 14 hours the (dongatcnl c(41s may b(v 
come ratluT numerous. On must agar, the 
coIoni(^s develop quickly; on carrot, a white blanket growth is formed. 

Tlu^ minimum temperature seems to be situated between 3 and 5® C. 
At 5° ( <. and up to 15° C. the yeast develops slowly. At 18° C. and 20° C, 
its dewedopment becomes more rapid. The optimum temperature is 
situatcul near 30° ('. and the maximum is between 41° C. and 42° 0, 
In the vicinity of tlu'se temperatures the yeast shows a tendency 
to elongates and form cells like the Pastorianus type. 

The ascosporc^s form very abundantly after a few days on Gorod- 
kowa^s media. They seem to be formed in great numbers but less 
rapidly on carrot and beer wort agar. The ascs result almost uni- 
v(!trsally from a hetc^rogamic conjugation. It is very easy to follow 
all the stagers in this plumomena in a culture on Gorodkowa's agar. 
At the moment wh(ui conjugation is about to occur most of the cells 
affected show in their c(mter a large number of small fat globules. 
Almost all arc united in small colonics made up of a small number 
of cells. Gonj ligation is effected between a mother cell and an in- 
completcdy developed daughter cell. The mother cell plays the r61e 
of a female gamete while the daughter cell represents the male gam- 
ete. The gametes are then represented by cells of different ages. 
The male gamete (microgamete) is a cell which has not achieved its 
full growth, while the fcuriale gamete (macrogamete) is full grown. 

^ Guilliermond, A. Zygosaccharomyces Nadsonii. Nouvelle esp^ce de levures 
k conjugaiigon h6t<Srogainique. Bull. Soc. de France, 34 (1918). 
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The two gametes unite by a copulation canal formcHl l)y the union 
of two small projections semt out from each cell. Dining this pluniom- 
enon the small cell rcanains adhei-ent, to tlu^ mothca' ceil and after 
the development of the copulation (‘.anal may dcdach from this cell. 
The contents of the male gamete emigrate to the female gamete, 
both protoplasms fuse, and the female gamete is transformcHl into an 
egg; this changes very quickly into an asc, and (^ach asc (‘on tains 
usually from one to two ascospores; exc(q)tionally om^ may find 
three, or even four. 

Besides this heterogamic conjugation which has been dc^senibed, 
frequently one may observe a series of transitional forms l)et ween the 
iso- and heterogamic. The conjugation presents the same characdi'ris- 
tics in cultures on carrot and been* wort. However, in the latter me- 
dium the yeast seems to take on the elongated form. 

The minimum temperature for sporulation on Gorodkowa's agar 
seems to be situated around 5°. At this temixirature the first rudi- 
ments of ascospores appear at the end of two weeks; at from 13 15*^ 
the ascospores form at the end of eight days; from 19-20® they 
appear at the end of 56 hours; the optimum temix^ratun^ s(‘(ans to 
rest between 23 and 30°, while the maximum temperature is situat('d 
somewhere between 30 and 32°. The ascosix)rcs remain encloscHi in 
the wall of the asc. During the first stages in germination, the wall 
is ruptured, and the ascospores germinate by ordinary budding. 

In plate cultures the colony is of yellowish white with a peripheral 
zone made up of canals; the center is a little elevated and is con- 
structed of rather thick, irregular folds. In streak cultures thc^ colony 
presents the same characteristics. In stab cultures the yeast dewtiops 
abundantly along the line of inoculation and forms a large number 
of small colonies. The colonies enlarge toward the surfaces. The 
giant colonies on must gelatin at from 15- 20° have a dry a|)fKUirance 
and are only a few millimeters in diameter. The color is yellowish 
white, the center is slightly raised. 

• This yeast inverts saccharose when cultivated in must. It forms 
carbon dioxide which gives evidence of fermentation. This fermen- 
tation is well demonstrated by Lindner^s droplet culture method. 
According to this method the yeast ferments dextrose and levulose. 
It has no action on lactose, d-galactose, maltose, dextrin and raffinose. 

The existence of a heterogamic conjugation is of special biological 
interest, because heterogamy up to the present time, has been rarely 
observed among yeasts., Guilliermond found it in the yeasts which 
he named Saccharomyces chevalieri. In this same paper Guilliermond 
has given a rather extended discussion on this subject in its relations 
to the yeasts. 
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ZYGOSACCHAROMYCES MAJOR. Takahashi and M. Yukawa ^ 

This yeast was isolated from samples taken at different stages 
during the ripening of Shoju.'' 

In ‘‘Koji ’ -extract or wort culture after 4 days at 20° C., the cells 
are mainly spherical (3.7-7.r) /x), sometimes oval, their contents are 
homogeneous, and sometimes exhibit vacuoles. The glycogen reac- 
tion is evident in (W(ny cell. Cells in yeast ring of Koji ^-extract 
culture after 20 days at 20° C, are so irregular that a cell maybe as 
small as 2.5 microns and as large as 10 microns. The occurrence of 
theses cells seems to b(i somewhat prolonged in wort or Koji ’’ 
extnu^t. containing a (piaiitity of salt. Old culture in the same 
media aftcu' 2 (> months at room hunperature exhibits not only the 
cells which are similar t.o Will's film cells of the first generation, and 
permanent cchs, but also very highly elongated, mycelial ones. 

In Koji "-extract or wort gelatine plate after 7 days at room 
tcmp(n’at.ur(i this spcHues forms grayish white, round, bright, waxy 
colonies. On Koji "-extract-agar plate after 30 days at 27° C. it 
grows with somewhat brownish, waxy, dull lustcred, elevated cover- 
ing. Margin shows somewhat paralleled streamy canals. On glu- 
cos(Hsak(‘-agar aft(u* 10 days at 25° C. it forms a grayish white, waxy 
cov(U’ing with slightly (elevated sides. The central part is somewhat 
concaved and the marginal part dull toothed. On Koji "-extract 
gchitin stab aftc'r 30 days at 15° C. it forms waxy, feeble lustered, 
brownish, (‘levated isU^s at the mouth of the stab canal, and rosary- 
like (joloni(‘s with gas bul)bles along the canal. This species grows 
in many fluid uunlia, and according to the appearance of its fermenta- 
tion it b(‘longs to the so-called bottom yeasts. In Koji "-extract 
culture at 25° ( I a yc^ast ring appears first after 3 days, but it does 
not form any compk'te ring even after 6 months, while the sedimental 
yeast crop Ix^CKuncis somewhat plentiful after 3 weeks. Its develop- 
ment in wort or hopped wort seems to be inferior to that in ^'Koji " 
extra(du Its rc^sisting power against NaCl is so striking that it can 
grow tolerably in “ Koji " extract or wort containing 20% NaCl. 

According to Lindner's method this species ferments dextK)se, 
levulose, mannos(% saccharose, maltose, but does not ferment galac- 
tose, lactoses raffinose, a-methyl-glucoside. 

This s[)(Hii('s is one of easily sporulable kind among all the Zygo- 
mccharomyceH isolated from '' Shoju-Moromi." This yeast does not 
form spores on gypsum-block at all. Sporulated cells occur very 
rarely in yc^ast ring developed in '' Koji "-extract culture after 3 to 6 

I l^akahashi, and Yukawa, M. Original communications, Eighth Intematl. 
Congress of Apuhed Chemistry, V. XIV, 1912, p. 162. 
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months at 20° C. or on Gorodkowa's agar after 20 days at 25° G. 
On the other hand, following the diluted “ Shoju ” culture which has 
been described above large numbers of ascs easily occur in the yeast 
ring within 7-15 days. The processes of formation and germina- 
tion of spores are similar to those of Zijgosaccharofnyces soja which 
have already been described. Spores are transparent, round or oval, 
and commonly 3-4.5 fi in diameter. A few tiny grains are contained 
in each spore. The total number of spores in each asc is 1-4; l)ut 
the number of spores which occurs in each part is cpiitc^ variable. 

This species seems to be nearly similar to Torula Shoju ” var. 
minuta which was isolated from “ Shoju-Moromi ” by J. Nichimura. 
It is necessary to ascertain the sporulation of the latter yeast aft(ir 
our method. 

This yeast differs distinctly from Zygosaccharonujces soja and as- 
porogenic species of Zygosacchanmyces by the following characteris- 
tics: This species ferments saccharose, and the time required for 
sporulation of this yeast is far shorter, and the number of sporogenic 
cells in yeast ring is always abundant. 

Zygosaccharomyces salsus distinguishes itself from this yeast l)y t h(‘ 
formation of a particular film. 

ZYGOSACCHAROMYCES CHEVALIER!, (hiilliermond 

This yeast was isolated from products of fermentation made in 
Occidental Africa by the inhabitants for alcoholic drinks. They 
were secured through the Chevalier Mission. On beer wort at 25° C., 
there is formed at the end of 24 hours an abundant scxiinumtal de- 
posit at the bottom of the culture flask and a scum not containing 
air but with a grayish and slightly viscous appearances It is v^',ry 
delicate and falls to the bottom of the flask -when it is disturbed. An- 
other soon re-forms. The cells in the sedimental deposit arci variable 
in shape, sometimes spherical, usually oval or ellipsoidal. Others arc 
elongated. Their dimensions vary between 2-6 microns long and 4-8 
microns wide. Their contents are transparent with a vacuok^ and 
mafly brilliant granules. The cells are generally isolated or united two 
by two. At the end of 15 days and up 'to a month, the cells in the 
sediment show a tendency to elongate and remain united in (chains. 
One may find 5 to 10 elongated cells with lateral buds and branches 
which make up a sort of pseudomycelium. The temperature limits 
for budding in beer wort are: maximum, 42-43° C.; minimum, below 
5° C. Near these temperatures this yeast does not develop in the 
form of a sediment nor does it produce a scum. The cells have the 
same shape as at other temperatures. This yeast sporulates easily 


ZYGOSACCHAROMYCES CHEVALIERI 


217 


and rapidly on most solid media, such as slices of carrot, gelatin of 
Gorodkowa, must agar and gelatin. Spores are also formed in scums 
developed on beer wort. This sporulation is preceded by a hetero- 
gamic copulation which has been described before.^ This copulation 
takes place between two gametes of variable dimensions and of dif- 
ferent ages. One, the female gamete or macrogamete is an adult 
cell, and very large; the other, the male gamete, or microgamete, is 
very small, and young, generally a bud being detached from a mother 



Fig. 88“‘F. — Ilcitcirogarnic (Population in Zygosaccharomyces 
Nadficmia. 


cell. The two gametc^s unite by a copulation canal, then the con- 
tents of th(i microganu^te pass into the macrogarnete which becomes 
the (^gg. A wall is formed across the copulation canal which separates 
thi) egg which soon appears as a separate cell. This changes into an 
asc with from 1 to 4 ascospores, rarely more. By their form, the 
sporcis are intermediate bc^tween those of the genus Pichia and of the 
genus Willia but they approach those of Pichia most closely. Their 
dimensions vary between 1.5 and 2.5 /x. 

The temperature limits for sporulation are: maximum, 37-38^0. 
and the minitnum, 8-10® C. The optimum is situated near 25° C. to 
30 C. The spores form in from 18 to 20 hours at this temperature. 
Germination of the spores is accomplished by ordinary budding. The 
sponis enlarge and lose their hemispherical shape when budding. 

^ Ouilliennond, A. Bur un example de copulation h6t6rogamique observ6 
chex uue Levure. Comp, llend, Boc. Biol. 1911. 
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The giant colony on must agar at 25° C. after 15 days, is well de- 
veloped. The color is gray, slightly yellow with a dry appearance. 
The center is folded. The periphery is thin, transparent, ami pos- 
sesses a border made up of fine canals with deep hollows. At tlu^ (aid 
of two months, the colony possesses a grayish yellow color witli a flat 
dry appearance. The yeast produces no fermentation of beer wort. 
It inverts saccharose but yields no indication of fc'rmentation in 
saccharose, dextrose, levulose, maltose, d-rnannose, lactose, d-galac- 
tose and dextrine. 

The presence of a scum causes this yeast to form a sort of con- 
nection between Hansen's 1st and 2nd group. However, by its giant 
colony, its vegetation in liquid media and the shape of its spores, it 
resembles the genera Willia and Pichia. 

ZYGOSACCHAROMYCES SALSUS. Takahashi and Yukawa, 

This species was divseovered in samplers takc^n from all the fac- 
tories at Tatsuna. The young cc^lIs fi*om tlu^ surface (uilture on 
^^Koji "-extract agar are mostly round (4-8 fx) and rankly oval. The 
contents are homogeneous and sometimes exhibit va(*Uf>l(\s. 

On streak culture at 27° C., the growth shows a grayish white, 
feeble, finely folded covering. On glucose-sake-agar aflx^r 10 days 
at 25° C. it forms a grayish yellow, folded, (4evat('.d covc^ring with 
streamy margin. On ^^Koji "-extract culture at 23° (1, it forms a few 
parts of yeast ring without clouding the fluid after three days. The 
ring gradually grows and increases its thickness. After three wc^eks 
a thin film covers the surface. The culture medium which was kept 
for three months was strikingly decolorized. 

Wort culture is similar to the former culture, but this yeast 
forms a grayish white, folded, thick film on ^^Shoju" or ‘^Koji" 
extract which contains a quantity of NaCl. This yeast is (vusily dis- 
tinguished from Zygomccharom.yces japomeus by this (*.harac((‘rislic 
point. 

This specic^s ferments dextrose, kwulose and maltose^ but do(\s 
not ferment galactose, lactose, sacchai*()S(\ raffin()S(‘, a-m(‘t.hyl-glu- 
coside. 

In formation and germination of s})or(\s this yc^ast- is similar to 
Zygosaccharomyces japoniem, but the time^ r(‘(}uir(^d for sporulation 
of this yeast is longer than that of the former sp(K‘,i(\s. 

This yeast forms a thick film in some nutrient fluids which con- 
tain a quantity of NaCI, but not in the absenc(^ of NaLI. More- 

^ Takahashi, and Yukawa, M. Original (ioininunic^ationH. Eighl.h Internatl. 
Congress of Applied Chemistry, y. XIV, 1012, p. 11)7. 
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over, this yeast- is easily dislinguisluHl froi& the former species by the 
cell forms, and the tina^ limit of sporulation. 

Torula ((h and H. Nishiinura) seem to be identical with this 
sp(icies. From above differentiation we gave it the name of Zygo- 
mccharomyces -sv/ Ims. 

ASPOROGENIC SPECIES OF ZYGOSACCHAROMYCES 

Takahashi and M. Yukawa ^ 

On the my(^ological reflations this ycfast is closely similar to Zygo- 
sacchanrmyeeH .s*nja. It forms a w<‘ll-defined yeast ring in “Shoju^' 
and Koji ” extract, but the sporulatcxl (Uflls have never occurred 
in any ycfast ring in spite of the presemee of a number of dumb-bell- 
shaped (Hflls. 

According to this, this yeast seems to be a variety of Zygosac- 
charornyce.s tioja whi(fh has lost the capacity of forming spores. Sub- 
sequently w(f have continued to cultivate this yeast in various nutrient 
media for rcfstoring the power of sporogenation. Whether this 
yeast has lost the faculty of producing spores, temporarily or per- 
marumtly, has not becfn d(>termincd. 

YEAST F. Pearce and Barker 

This ycfasti which belongs to the genus Zygosaccharomyces was 
discoverifd by P(‘arce and Barker ^ in 1908 in cider. It possesses oval 
cells (().8 by 8.4 /x). The 
maximum t(‘mp(n’at.ur(f for 
budding is situ iU‘d between 
3()® and 32.5'^ ('. Sporula- 
tion is easily axfcomidished 
on porous por(f(4ain, on 
potato or on wort gelatin. 

Th(f asc whicfh r(‘sulis is com- 
posed of two enlarged parts Fig* ??• Yeasts F. A, yegetatiye Cells; 

.... , /5, Ascs (after Pearce and Barker), 

united by a canal, (lig. 

89, B.) Tluf ascosporcB normally to the number of four are situated 
two in (fach (mlargifd portion of the asc. Under exceptional circum- 
stances w(f miglit, find one ascospore in one enlargement and three 
in th(f otlufr. (hu-mination is accomplished by a swelling of the as- 
cospore and a rupture of the wall of the asc; this is followed by normal 

^ Takalnishi, and Yukawa, M. Original communications eighth intcrnatl. 
Oongress of Api)li(Hl (/hemistry, v. XIV, 1912, p. 167. 

^ P(‘ar(u% B. and liarkcr, W The yeast flora of bottled ciders. The Journal 
of Agri(‘ultural Science, 3, 1908. 
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budding. Colonies on gelatin plates are spherical with a solid ai)pear- 
ance. In streak culture, the growth is slightly humid and milky. 
This yeast ferments levulose, dextrose, and saccharose. 


YEAST G. Pearce and Barker 

This species, found in the same environment as tlie former y(uist, 
generally has oval cells. The maximum temp(a'ature for budding is 
around 32.5° C. (Fig. 90.) Sporulation has been obtairunl on jK)rous 
porcelain; it is preceded by a process which secerns to 
be intermediary between iso- and heterogamy. The 
ascospores are formed in one of the enlargcnl portions 
w ^ of the asc. (Fig. 23.) (h'rmination is ac(H)mplished 
^ in Yeast F. This species (l(‘V(‘lops ratluT rapidly 

on beer wort and in all sugar solutions with a scum, 
^^faccharomyces^G which the cells possc^ss the same sha|Ki im thosci 
(after Pearce and in the deposit. Colonies on beer-wort gelatin arc 
Barker). spherical and shriveled. In streaks, the 

growth is slightly bunched. This yeast produces no fermentation. 


ZYGOSACCHAROMYCES BISPORUS. Anderson ^ 

Morphology. In young liquid cultures the cells are oval or ovate; 
in old cultures they assume various forms with numerous conjugating, 
but usually no sporulating cells. Elongated cells 
are common, but there is no mycelial formation. 

Budding occurs from end or side. The size is 
4 X 6.5 microns. Spore formation occurs on 
carrot slants at room temperature. Conjuga- 
tion is most common previous to spore forma- 
tion, but parthenogenesis is not rare. There are 
2“4 ascospores, most commonly 2. 

Cultural Characters. On glucose agar the 
^owth is spreading, dull, flat, and white; later 
it becomes brownish with small, scattered, wart- Anderson, 
like prominences and more glistening surface. )orlf 

There is a filiform growth in gelatin stab and CAmhimtim Kuh; 

liquefication in beer-wort gelatin in 3 weeks. without ConjtiKutiou; a, 
Pellicle is present on beer wort and some sugar (aftj" 
mediums. 

Physiologic Properties. It does not ferment glucose, svuTose, 
levulose, maltose, galactose, or raffinose. No decided change in acidity 

Anderson, H. W. Yeast-like fungi of the human intestinal truest. Jour. 
Infectious Diseases, 21 (1917) 341-386. 
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occurs m these mediums. There is no change in litmus milk. The 
culture was isolated from human feces. 


Genus III. Debaromyces. Klocker 

Ascs derived by copulation. Ascospores in a single membrane, 
the surface of which is covered with little elevations 


DEBAROMYCES GLOBOSUS. Klockei 


This species was discovered in 1909 by Klocker ^ in samples of 
soil from the island of Saint Thomas. On beer wort at 25° C., the 
cells arc spherical (4,5 to 5 microns in diamcjter). The limits of tem- 
perature for budding on beer wort arc: maximum, 41.5 to 43; mini- 
mum, 5 to 8° C. The ascs develop abundantly on plaster blocks at 
32° C. The limits of temperature for the formation of ascospores are: 
maximum, 34 to 36° C., minimum, 14° C. 

From the researches of Guillicrmond,^ it is evident that the ascs 
result from a copulation. In about 25 per cent of the cases, this copu- 
lation is by isogamy between 


two cells which are more or less 
closely situated. (Fig. 91.) In 
all of the other cases copulation 
occurs between an adult cell 
and a little bud which was 
formed by this cell, but which 
remained attached to it (Fig. 

28 c and 91). It is then hetero- 
garnic. The yeast may then be 
considered as a form in which 
heterogarny is in the process of 
installing itself. Finally, par- 
thenogenesis is very frequent, more than in the Zygosaccharomyces. 

The number of ascospores varies from one to two in each asc, one 
being more frequent. The ascospores are globular (2 to 3.5 /x). Their 
surfaces present small elevations. In the center, a small globule of 
fat is found. 



Fig. 91. — Copulation and Formation of the 
Ascs in Debaromyces glohosus. 


1 Klocker, A. Deux nouvelles genres de la famille des Saccharomyccs. Comp. 
Rend, des trav. du lab. de Carlsbcrg, 8, 1909. 

^ Guilliermond, A. Sur un curieux excmple de parthenogenese observe dans 
une levure. Comp. Rend. Soc. Biol. 69, 1910. Quelques remarques sur la sexua- 
lite des levures. Annales mycologici, 8, 1910; Sur la reproduction de Debaromyces 
glohosus et sur quelques ph6nom^ nones de rdtrogradation de la sexualite observ<5s 
chez les levures. Comp. Rend. Soc. Biol. 151, 1911, 
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During germination the ascoKsporos sw('ll u{) and tlu^ wart.s on their 
surfaces disappear. Germination is aceomplisluHl by ordinary bud- 
ding. (Fig. 40.) In wort cultures no scum is forna^d but often a 
rudimentary ring may be observed. Giant colonies on gcLitin, at 
the end of a month, have a grayish white color rcvscanbling wax. 
border is almost entire; the center is slightly raivscal and of a whit(‘ 
color. This species ferments dextrose and I(wulos(‘ adivc^ly, raffinost^ 
moderately and inuline with difficulty. It has no action on maltose^ 
or lactose. It inverts saccharose rapidly and hn-nuads it. In wort 
at 25° C. D. globosus produces a rather rai)id h'rmentation. After 
five days, it forms 1.25 per cent of alcohol by volume, and after 8 
days 1.30 per cent. 


DEBAROMYCES TYROCOLA. Konokot in 




Fig. 91~A. — Debaromyces tyrocola 
(after Konokotin), 


This ycnist was isolated from Dutch 
cheeses pn'paix'd in Russia. It is a, 
y(;ast in which the c()i)ulation tends to 
become heterogamic. Tlu^ copulation 
may be eitlaa’ iso- or h(‘t(‘rogainic but 
the latter seems t,o b(‘ most fre(|U(ait. 
It is accomf)lish(Kl as in the prec(‘d- 
ing species. The ascs usually contain 
a single ascospore which germinates 
by budding. This species ferments 
dextrose, levulose, galactose, saccha- 
rose and lactose. 


Genus IV. Nadsonia 

Ascs preceded by a heterogamic copulation betw(‘(‘n a motlua* cch 
(macrogamete) and a bud from it (microgamete), macrogam- 

ete forms a bud which changes into an asc providc^dwith one asco- 
spore having a vcrrucose wall. 


NADSONIA FULVESCENS. Sydon 

Syn. GUiLUERMONDiA FULVESCENS (Nadsou and Konokotin) ^ 

This yeast was found along with Endomycen It b(‘ars 

some resemblance to Deharoniyces globosus but difiers from it in its 
sporulation and Nadson and Konokotin have creafc'd a new g(‘nus for it. 

It is a yeast with oval cells, elliptical or shaped like a kanon. 

^ Nadson, CJ. A. and Konokotin, A. CL (iiuillicrrnoiidia, (mih* rauic irefciigjitliing 
mit hc^terogarncr Kopnlation. Cent. Bakt. M (1912) 2‘U-2-12. 
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The use is derived from a hclerogainic copulation of two cells. The 
feiruile cell or macrogametc^ is an adult cell and the male cell or 
microganudt^ is a small l)ud formed by the macrogamete. Both cells 
or gametes become united by means of a copulation canal. The con- 
tents of the microgamete enter the macrogamete from which an egg 
rc^siilts. This then clianges into 
an asc. The asc contains a 
single ascospore. The spore is 
si)herical with a large globule 
of fa-t in its centca*. Its mem- 
l)ran(^ is rough with litih^ ele- 
vations and has a reddish brown 
color. On account of this (ador, 
it is easy to nuiogni/a^ macro 
scopically a culture which has 
sporulat-(Hl. During g(Tmination 
t h(^ spores swells up and brcuiks Fig. 01-B. • 
optai tile wall. Liberated, it 
d(W(dops a germinating tulie 
and producers a v(^getative cell. This yeast has both sporogenic 
and aspoi‘og(ah(} typ(‘S. The asporogenic type develops into colonies 
(giant) which ar(‘ distinguished by their white color from those of 
th(^ sporog(mi(‘, whi(di are reddish brown. This species ferments 
d(^xtJ‘os(^ galactos(^ hwulose and saccharose slowly. 



' Nadsonia fulvescem (after Nad- 
Hon and KonokotiiaO. 

(ionuinution of Sporos; 4, Aw^h; 5, 


NADSONIA ELONGATA. Konokotin 



Fig. 91-C. — Nadsonia dongata 
(after Konokotine); 


This yeast possesses vegetative cells 
which are oval or elongated. Copulation 
is accomplished as in Nadsonia fulvescens. 
The asc results from an egg containing 
a single spore. These ascospores have a 
very verrucose membrane and germinate 
by ordinary budding. The giant colonies 
on peptone gelatin with 5 per cent of 
glucose are rosette-shaped. They have 
brown centers and white peripheries. 
This species ferments dextrose and levu- 
lose, but has no action on other sugars. 


Genus V. Schwanniomyces. Klocker 

Ascs derived from cells which have preserved a trace of sexual 
attraction. Ascospore provided with a single membrane on the sur- 
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face of which are small elevations, and also provided with a project- 
ing collar. For germination, one of the halves of the ascospore swells 
and it is thus that budding is accomplished. 


SCHWANNIOMYCES OCCIDENTALIS. Klocker 




This species was found by Klocker ^ in tlie same environment as 
Debaromyces globosus. It has elliptical or splierical cells (5 to 10 /x), 
but some cells may appear rarely as (‘longatcnl sausag(‘s. Aftw a 
month’s sojourn at room t<nni)erature on beer wort 
gelatin, the giant coloni(\s appear w(dl dewadoped 
P vox with a grayish white af)pearanc(^. They resemble 

wax and have a glistening appearance. 

^ ^ ^ SporuUition is (easily accomplish(‘d on plaster 
blocks. The limits of temperature for ascosi)ore 
formation on plast-er blocks are: minimum, 10 to 13® 
C.; maximum, 34® to 36® C. The ascs are always 
provided with a projection which gives them the 
appearance of a retort by nuams of which, during 
sporulation, they unite two by two. (Fig. 93.) 

Guilliermond has shown that these forrriations should be re- 


cCO P ‘0 


Fig. 92. — Schw, 
occid entail Hi 
(after Klocker) . 


The cells destined to 


CA Cr<) 

m ^ ^ 


b 


garded as traces of an ancestral copulation, 
form ascs retain a little of 
their sexual attraction and 
attempt to fuse. Finally, on 
account of insufficient sexual 
attraction, the cells are not 
able to establish an anasto- 
mosis and develop partheno- 
genetically. The ascs form 
usually a single ascospore 
rarely two. The ascospore has 
the shape of a slightly flat- 
tened bowl. It is surrounded 
by a projecting collar which divides it into two unequal parts. 



Formation of the Asc in jSchw. 
occidentalism 


The 


surface is rendered rugose by many little elevations. In the center 
is a globule of fat. 

Germination commences by a swelling of the ascospore which lo- 
calizes itself to the smallest half; this loses its elevations. Finally 
all of the elevations disappear (Fig. 41). 


1 Klocker, A. Deux noiivelles genres dc la famille des Saf^charornycf's. Comp, 
Rend, des trav. du lab. de Carlsbcrg, 8, 1909. 

^ Guilliermond, A. Sur un curieux exemple de parthenogenese obs(TV(‘ dans 
une levure. Comp. Rend. Soc. Biol. 69, 1910; Quekiues remarciues sur la sexualite 
des levures. Annales mvcoloffiei. 8. 1910 
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In old cultures on wort, this yeast forms a viscous scum more 
or less developed. Often the formation of a very thin ring may be 
noticed. 

After a month's sojourn at room temperature, giant colonies on 
wort gelatin appear well developed with a grayish color. They re- 
semble wax and possess a glistening appearance. The edge is slightly 
notched. 

This species ferments dextrose, levulose, and raffinose, sometimes 
inuline, but has no action on lactose or maltose. It inverts sucrose 
more or less actively. 

Genus VI. Torulaspora. Lindner 

Cells round, spherical, small, provided with a large globule of fat 
and resembling Torula. These characteristics, as remarked by Klocker; 
are insufficient to characterize the genus. However the trace of 
copulation which is present in the Torulaspora, recently pointed out 
by L. Rose, added to the characters described by Lindner, seem suf- 
ficient to differentiate this genus. 

TORULASPORA DELBRUCKIL Lindner 

This species was discovered by Lindner^ in English beer. (Fig. 94.) 
The ascospores are to the number of 3 to 5 in each asc. According to 
Rose, the ascs possess spurs analogous to 
those which have been observed in the 
Schvarmiomyces which may be regarded 
as tracers of copulation. This yeast is 
able to ferment dextrose, levulose, d-man- 
nosc and d-galactose. 

YEASTS E AND F. Rose 

This species was isolated from the 
mucous secretions of oak trees by Rose^ Fig. 94. 
in 1910. Both present the characteristics 

of the genus Torulaspora and seem to be identical. They possess 
round cells (3.5 to 4.5 p in diameter) and grow on beer wort quite 
well, but do not produce fermentation. 

The ascs develop at the end of three days on Gorodkowa's 
gelatin and plaster blocks at 25° C. They show attempts at copula- 

^ Lindner, P. Mikroskopische Betriebskontrolle in den Giirungswerben. 
Paul Parey, edit. Berlin, Gth edition, 1909. 

* Rose, L. Beitrage zur Kenntniss der Organismen in Eichenschleimfluss. 
Inaugural dissertation, University of Berlin, June 25, 1910. 
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tion and, like the Sckwannioniyces, are supplied with a proj(‘etiou (Fip;. 
30). Often one may see a union of two of tli(‘S(^ projc^ctions from 
closely situated cells but no true union takes phu^e on a<*{*ount of llu^ 
persistence of a wall, and each forms a parth(mog(‘iu‘tie use. 

The giant colonies are flat with small vcmtucosc ('leva! ions. This 
yeast ferments dextrose, levulose, d-mannose, and saccharose^ and 
sometimes raffinose, trehalose, and inuliiu^. 

Rose has observed traces of copulation ciuite^ similar in a yenisl iso- 
lated by Lindner from tlu^ secretions of a tree'- in the^ Jh'rlin t)o- 
tanical garden and describeel in his atlas as Toriila sporogene re^latenl to 
Torulaspora Delbruckii. 



Fig. 95. — Sacch. lactis 7 , 

1 , Vegetative Cells; 2, Ctjlls 
destined to Form Ascs; 3, 
Ascs (after Dombrowski) . 


SACCHAROMYCES LACTIS 7 . Dombrowski 

This yeast isedateel by (bllau fre)m se)ur cre^arn butter has heH'n de'- 
scribed by Dombrowski.^ It i)e)sse\sses no characte'ristics of the' ge'ims 
Torulaspora. However, as the ascs result from ce'lls whie^h have' i)re'- 
serve'.d a tnme of ce)pulatie)n e)r se'xual attrac- 
tion, it she)uld pre)bably be^ e*,lass(‘d along with 
tlie geau'ra l^chwamdomycvs and Torulaspora, 
preisea-ving the provisie)nal name e)f Saccharo-- 
myces lactis (gamma). Perhaps it, will he pos- 
sible to create a new genus for it when it is 
better known. The cedis arc oval, Bometirnt'B 
spherical, and, on beer wort, are 5 to 6.5 /x in 
length and 5 p in breadth. 

Sporulation is easily accomplished on plaster 
blocks, in edd cultures on gelatin, and in the' 
moist chamber. They appear in from 72 to 96 hours on plaste'r blocks 
at 25° C. The cells destinexl to sporulate she)w the^ i)re\seai(i(^ of a prei- 
jection more or less elongatexl which se'e'.ms to r('})r(\se'nt- a tracer e)f 
ancestral copulation (Fig. 95, 2). They contain hirge^ fat. globule's. 
The ascs contain one or two ascospores, raredy three. (Fig. 95, 3.) 
The ascospores are shiny and contain a drop of fat. in the^ center. 
Germination is accomplished by budding, during which the^ fat dis- 
appears. 

In cultures on nutrient gelatin in plates, the colonie^s are i*ound 
or shaped like a torpedo in which the edge enlarges in old culture's. 
In gelatin stabs the development is along the line of inoculation anel 
becomes less and less as it progresses into the tube away from the 
surface. Giant colonies have a raised center and a borde'r (‘omi)ose‘d 
of concentric rings with slender ra 3 ^s. 

^ Dombrowski, W. Die Hefen in Milch und Milcliproduktcn. Cent. Hakt. 
28, 1910. 
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In wort at the temperature of the laboratory, Saccharomyces lac- 
tic y forms a ring and scum in which the cells possess the same charac- 
teristics as those in the sediment. This yeast acts like a top yeast. 
Fermentation is active at first but ceases quite rapidly. The wort is 
strongly discolored. No aroma seems to be formed. At the end of 
five months and a half, 5.4 per cent of alcohol is formed. In milk, 
this yeast {)roduccs no fermentation but provokes a strong peptoni- 
zation of the casein. It ferments saccharose, dextrose, d-galactose, 
but has no action on maltose or lactose. 

THIRD GROUP 

Yeasts multiplying by budding, in which the ascs always form 
by parthenogenc'sis, all tracers of sexuality having disappeared. Some- 
times there is the formation of a rudimentary mycelium. In sugar 
solutions a deposit is forrruxl and, very much more slowly, a scum, 
in which the vegetation is shiny without oc(^luded bubbles of air. The 
ascosi)ores are smooth, round or o‘val, with one or two membranes, 
gcuaninating l)y budding or under exceptional conditions by a process 
intenncHliate Ix'iwecm budding and partition. Germination of the 
ascospores is sornetiuK^s preceded by a fusion of these latter two by 
two (parthenogamy). The greater number of the species in this group 
produce the alcoholic huinentation. 

Gc'nus VII. Saccharomycodcs. Hansen 

Cells dividing by a i)rocess intermediary between budding ^ and 
partition. OftcTi th<n‘e are rudimentary myceliums with very dis- 
tinct transve^rse walls. As(*.opores fuse (parthenogamy) two by two at 
the moment of germination and develop in a single direction by a 
process interm(‘(liajy Ix^twecm ])udding and partition. 

SACCHAROMYCODES LUDWIGII. Hansen 
^iyn. SACCHAROMYCES LUDWIGII. Hansen 

This species was discovered by Ludwig ^ in the mucous secretions 
of the oak in which he found associated a Leuconostoc and Endomyces 
Magrmsii. Ludwig first regarded it as a form of Endomyces mag- 

^ By its manner of rnultiplication, the genus Saccharomycodes is then inter- 
mediate between the ScMzomceharoinyces and the budding yeasts. It may also 
be possibki to separates other yeasts into a separate group. 

2 Ludwig, F. tieber der Alkoholgilrung und Bchleimfluss lebender I^ilume. 
Bericht. der Deutseh. Bot. (lesells. 4, 1886, 
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nudi. Hansen ^ later isolated Endimyces 'magnusu. Rose has found 
this yeast since then under the same condition. 

Saccharomyces Ludwigii possesses variable shape and dinuuisions; 
some cells are elliptical, others are elongated, tubular or with the shape 
of a lemon. (Fig. 96.) The cells multiply by a process int(U'm(Hliate 
between budding and transverse partition. They form geiua-ally at 
both extremities, rarely laterally, a projection, a sort of a bud which, 
when it has attained a certain size, separates itself from tlu^ mother 
cell by a thin wall accompanicnl l)y a slight tightening of th(^ ru^ek. 
The temperature limits for budding in l)e(‘r wort are: minimum, 
1-3® C.; maximum, 37-38® ( -. 

In old cultures especially on gelatin, S(wch(mmiycei^ Ludwigii shows 
a manifest tendency to produce well dev('loped rudinu'ntary mycc^liums 
which resemble a true my(^(‘lium. Th(^s(‘ forma- 
tions are made uj) of a stu-it's of budding ramify- 
ing filaments. The cross walls are v(uy marked 
but almost always accompanicul by a slight con- 
striction and the units easily H(^parate. Each of 
the cells in th('. mycelium is able to bud and 
form ascospor(\s. Long l)ranching units with walls 
may be seen in the mycc^lium. (Fig. 5.) By the 
presence of these mycelial formations, Sacch. LtuL 
wigii seems to offer an intermediate stc^p between 
the Endomyces and the yeasts. 

Ascospores form easily in water solutions of sugar, on wort gela- 
tin in yeast water, on slices of carrot and even in liquid wort.. They 
develop equally in numbers on plaster blocks. 

According to Nielsen ^ the maximum temperature for sporulation 
on plaster blocks is 32® to 32.5®; the minimum is between 3® and 6® 
and the optimum between 30® and 31° C. 

The ascs may contain from two to four ascospores, rar(dy more, 
but almost always there are four. Tluvse are round and al)out 3 or 
4: fjL in diameter. Germination is accomplished in a special manner 
which has been described at the beginning of the book and which will 
not be repeated here. It is generally preced(',d l)y a sc^xual process 
which Guilliermond has described and which is comparable to par- 
thenogamy. (Figs. 25 and 26.) After the ascospores have swelled they 



Fig. 96. — Saccharo- 
mycodes Ludwigii 
(after Lindner). 


^ Hansen, E. C. Ueber die im Schleimflusso lebender Biiiimc beobachteton 
Mikroorganismen. Cent. Bakt. 5, 1889. 

2 Nielsen, J. G. Sur le dev. des spores des S. membranaofaciens, anoinolous 
et Ludwigii. Comp. Rend, des trav. dii lab. de Carlsberg, 3, 1891. 

3 Guilliermond, A. Recherches sur la germination des spores et sur la cx;>n- 
jugaison dans les levures. Rev. gen. de Bot. 17, 1905. 
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unite two by two. This fusion almost always operates l)etween two 
ascospores from the same asc, exceptionally between two spores from 
closely situated ascs. A canal for copulation is formed through 
which the contents fuse. The fusion takes place, the copulation canal 
gives birth to a sort of germinating tube which enlarges and takes the 
shape of a vegetative cell; it finally cuts itself off from the canal by 
a wall accompanied by a circular construction. (Fig. 36.) The cell 
thus formed separatcis from the zygospore which continues to form 
new cells by the same process. The fusion of the ascospores is gen- 
erally not absolute and a number among them germinate alone. 

We have obsei'ved, as has been stated, a species of Saccharomyces 
Ludwigii from Hanstm’s lal)oratory which, having remained for a time 
at laboratory tempcu’ature, had completely lost its sexuality. The 
ascospores always dcwc^Joped without fusing. 

Hansen has shown that when various cells are cultivated from a 
colony of this y('ast, a sporog(mic and an asporogenic race may be 
ol)tained. 

On wort g(hitin, Saccharomyces Ludwigii develops in the shape of 
veg(d-ativ(^ si)ots in which the color varies from a clear gray to a pale 
y(‘llow. In b(HU* wort, it producers at the end of about a month, at 
room t(^mp(n*al ure, a scum with elongated colonic^s. 

It yi(hls (W(m afU'r a f(n-m(^ntation of long duration, only 1.2 per 
cent of al(*,ohol by volum(\ It does not act on maltose. On the other 
hand in glu(H)S(' about 10 jxn- c(^nt of alcohol is produced. It inverts 
saccharose, and ferments dc^xtrose, d-galactose, d-mannose, levulose, 
raffin()S(^, and sonudinu^s vc^y slightly, 1-sorbpse, and tagatose (Lind- 
n(U'). It lias no action on lactose or maltose. 

SACCHAROMYCES BEHRENSIANUS. (Behrens) 

This yc^ast, discoveu-ed by Behrens ^ on hops, possesses round or 
oval C('lls which divide like those of Saccharomyces Ludwigii. The 
optimum tempe^rature for sporulation is from 18 to 20^^ C.; at this 
tempcu‘atur(^, iiie ascospores appear in about 22 hours. The asco- 
spoi'cs are splu^rical (4 to 4.5 /x in diameter) and arc to the number of 
two or threes in an asc. Their germination is accomplished as in Sac- 
charomyces Ludurigii. This yeast produces no scum. On 10 per 
cent wort gelatin, the giant colonies present quite a characteristic 
appearance. They show fine concentric rings placed around a cra- 
teriform cavity which makes up the center. The edge of the colonies 
is of a pure white and the middle portions of a yellow color. In 

^ Behrens, J. Studien liber die Konswevienmg und Zusamrnensetzung dea 
Hopfens, Woch. f. Brau. 13, 1896. 
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giant colonies, numerous ascospores are noticed, d'his ^-east fei-jm‘nts 
dextrose, levulose, and maltose but does not acd, on saccharose, lac- 
tose, or d-galactose. 

SACCHAROMYCES COMESII. ( 'avara 

This species was described in 1893 by ( -avaraJ It grows parasit- 
ically and saprophytically in the panicles and stalks of inilk^t. Cavara 
described ascs enclosing a varied nunib(a* of ascospores. T1 k‘S(^ aseo- 
spores fuse into one at the moment of their germination. (l(‘rmina- 
tion is accomplished as with i^accharo7nyces Ludu'iijn by th(‘ forma- 
tion of a germinating tube. Guilliermond- has shown from the 
illustrations presented by Cavara, that this sjXHac's is probably not 
yeast but probably a Dematium. Cavara n^gardc^l it- as a y(‘ast on 
account of the incorrect interpretation of forms in its d(‘V(‘Iopm(mt. 
Saccharomyces com.esu is, then, not a yeast and should not b(^ ineludcxl 
in the family of (^accharo'rnycetcfi. 

Genus VIII. Saccharomycopsis (S(‘hi()nning) 

Ascospores in two membranes gxirminating liy budding. 


SACCHAROMYCOPSIS GUTTULATUS (Robin) Sehicinning 


Syn, SACCHAROMYCKS GtiTTuiATirs. Wint(‘r. (aiYim)(.*()(’(’iis 
GUTTULATUS. Rol ) i U 


This 
later b^^ 


species was 
Buscalioni,^ 



Fig. 97, - 

oidia of 
and are 


~ Saccharomycopsis 
(after Buscalioni) . 


discovered by Remarck and Robin and studicHl 
Casagrandi and Wilhelmi.^ It seems to live as a 
true parasite in the intestinal (janal 
of certain animals (birds, n^ptih's 
and mammals). It swarms in th{‘ 
intestinal canal of the', rabl)it, k'ss 
freeiiu'nt in guiru'a i)igs, and ap- 
pe^ars in the ('xen’e'nu'nt of th('S(' 
animals. ^(icchanyniyceH guttulaiUH 
possesseis large cecils, oval or more 
or less rectangular, re^sc'mbling the 
The cells contain a large amount of glyeoge'n 

(Fig. 97.) iVudding 



giittulatm 


Oidium lactis. 
often united in groups at thear ends. 


^ Cavara. ASur un microorganisme zyrnogdne de la Dourra. llin-iu' niycolo- 
gique, 1893. 

2 Guilliermond, A. Observations sur la giTinination dt's sporc's da ,8. Lwl- 
wigii. Bull, de la Socidte de Mycologie, 19, B)()3. 

3 Buscalioni, L. Saccharomyces guttulatus. Giornale Malphigia, 10, 1890. 

^ Wilhelmi, A, Beitrage zur Kenntniss des Saccharomyces guttulatus. (Bus- 
calioni) Inaugural dissertation. Bern. Cent. Bakt. 4, 1898. 
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takes place at both ends of the cells. The optimum temperature for 
budding; is from 35° to 37° C. A scum formation has not been ob- 
served. Sporulation has been observed in the excrements of rabbits. 
Ascosi)ores are formed to tlie number of one to four in each asc. They 
are oval, elongated and, according to Wilhelmi, are surrounded with a 
doul)lc^ meml)rane, an exosporium and an endosporium. Wilhelmi has 
been abk^ to cultivate Saccharomyces guttulatus in various artificial 
iiKHlia. It gi-inv especially wc^ll in glycerol gelatin to which tartaric 
acid and dextrose had Ix^ui addcxL It inverts saccharose and ferments 
dextros(\ ('asagrandi and Buscalioni have noised its pathogenic proper- 
ticvs on subcutaneous injections into guinea pigs, rats and rabbits. 

(kmus IK. Sacchar(>myc(^s. Meycui 

As(X)si)()r('s in a singles m(‘ml)rane germinating by budding. Some- 
tim(‘s a mycelium is produced with transverse walls. 


A. First Hub-group 

Yeasts f(n*m(‘nting’ saccharose, dextrose and mallose but having no 
action on lact()S(‘. 


SACCHAROMYCES CEREVISIAE. Hansen ^ 

%/a s, cuHiovisrAK i, Hansen. — s. ckrevisiau, Meyen. — torula 
CER icvisiAE, Turpin. — cryptococcus fkrmentum, Kutzing. — 
noRMiscuM cerkvisiae, Bail. — s. cerevisiae, Rees 


This sp(‘(M(‘B. is a top yeast which 
brew(n*i(NS of London and Edinl/urgh and 
has !)e(‘n mod for a long time in the 
making of hoow Hansen gave it the 
namo H. cercinsiiie because it resembled 
the yc^ast d(\scribed under the same 
name by R(h^s and Meyen. Young cells 
in the stulinumt in beer wort are large and 
(iith(‘r round or oval. Elongated cells 
are liot observed under these condi- 
tions. (Fig. 2.) The temperature limits 
for budding in beer wort are: minimum. 


was found by Hansen in 



98. — Asns of S. cerevisiae 
(after Hansen). 

1-3° C.; maximum, 40° C. 


^ Hansen, K. C. Rechcrchcs sur la morphologie ot la physiologic des alcoo- 
liques ferments. 11, TjCS ascospores chez le genre Saccharomyces.. Ill, Sur la 
Torula de M. Pasteur. IV, Maladies provoques dans la.bi(^re par les ferments 
alcoolifiues. Comp. rend, du lab. de Carlsberg, Vol. 1, Book 2, 1883; Vol. 2, 
Book 4; Vol 5, Book 2, 1909. 
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Temperatures for the formation of ascospores 




Fig. 98-A. — Chondri- 
ome in Saccharomyces 
cerevisiae. 

Fixation in a luixtviro of 
PotaHsiurn Dichroinatc and 
Formalin. Stainod with 
Ferric haematoxyline. 


37.5° C. no ascospores arc formed 
3G-37 first appearances in about 21) hours 


35 

33.5 
30 
25 
23 

17.5 

16.5 
11-12 

9 no development- 


25 

23 “ 

20 
23 
27 
50 
65 

10 days 


The ascs enclose from one to four as(^ospor(‘s, sonu^times fiv(^ The 
ascospores are very r('fractiv(‘. and possc'ss a. v(‘ry distinct wall. (Fig. 
98.) Their size varies from 2.5 to 6 /i. 


Temperatures of S(uim Formation 
At 38° C. there is no formation of scum. 

33-34 at the end of 9-18 days, very slightly developed 
26-28 “ '' '' “ 7-11 “ “ '' '' 

20-22 '' “ '' '' 7-10 “ “ '' 

13-15 15-30 “ 

6-7 “ 2-3 months 

5 no formation of scum. 


The cells in the scum have the following micro- 
scopic characteristics. At 20-34° C. the cells in the 
scum are elongated and possess an odd a])pearance. 
At 15 to 16° C., most of the cells look like those 
which were present when the inoculation was made. 
Some of the cells possess irregular shapes. In old 
scums all sorts of cells arc visible. Some are ex- 
tremely long, having the appearance of a mycelium. 
(Fig. 99.) 

Yeasts like S. Cerevisiae 

Numerous races and species of yeasts are known 
under the name of S. cerevisiae. Their systematic 
position is slightly unknown; a few of them will be 
mentioned here. 



Fig. 99. — 8. cere- 
vidae. Mycelial 
Formation in an 
Old Scum (after 
Hansen) . 
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WILL’S YEASTS 

Variety 2, H. Will.^ Large round or oval cells. On gelatin the 
colonies are spherical or lenticular. Ascospores develop easily and 
abundantly. The temperature limits for the formation of ascospores 
on plates are ST" and 11° C., the optimum being near 25° or 26° C. 
The temperature limits for scum formation on beer wort are from 28 
-31° C. to 8-11° C. This variety is a bottom yeast which is an ac^ 
tive fermenter. 

Variety 6, H. Will, The cells of this variety are oval and some- 
times curled. The colonies are spherical or lenticular on gelatin. 
Ascospores are formed easily and abundantly. The temperature 
limits for ascospore formation on plaster blocks are 31° and 11° C. The 
optimum is 28° C. The temperature limits for scum formation are 
25-31° and 7-10°. This species is a moderate fermenter and a bottom 
yeast. 

Variety 7, H, Will, The cells are round with giant ceils mixed in. 
At the end of fermentation, chains may be seen composed of small 
cells in the budding stage. The colonies on gelatin are at first ir- 
regular with a winding embattled edge. Ascospores are formed with 
difficulty. The temperature limits for the formation of ascospores 
on plaster blocks are 30° and 13°. The optimum is around 25 or 26° C. 
The limits of temperature for the formation of scum on beer wort 
are 20-28° and 4-7° C. This variety is a bottom yeast with feeble 
fermenting ability. 

Variety 93, H. Will, The cells are round or oval and the gelatin 
colonies spherical or lenticular. The temperature limits for the for- 
mation of ascospores on plaster blocks are 30° and 10° C. The opti- 
mum is 28° C. The temperature hmits for scum formation on beer 
wort are 30-31° and 4-7° C. The scum contains numerous durable 
cells. This variety is a very active bottom yeast. 


YEASTS OF SAAZ AND FROHBERG 

Although insufficiently known from the standpoint of morphology, 
we should not pass these yeasts in silence for they play an impor- 
tant r61e in the industrial alcoholic fermentations. One was found in 
a Bohemian brewery (Saaz), the other in a brewery at Frohberg 
having been isolated by Lindner,^ Since that time they have been 

1 Will, H. Vergleichende Untersuchimgen an vier untergarigen Arten von 
Bierhefe. Zeitschr. f. d. ges. Brauw. 18, 1896. 

2 Lindner, P. Mikroskopische Betriebskontrolle in den Garungswerben. 
Paul Parey, Berlin, 6th Edition, 1909. 
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studied by various iHV(‘sti|i;aiors as I)(‘lbru('k, Iriniseli, LIiuIikm*, 
ReinickOj etc. The Saaz yeast is a l)oll()in y(‘ast by attenuation aiid 
ferments dextrose, d-niannose, d-^-alacd-ose, h'vulose, maltose', sac(*ha- 
rose, trehalose, melibiosc, raffinose and a-m('thyIgIucosid(‘. 

A large number of industrial specie's (brenvery anel distillery) 
related to these species have been elc'seribe^l. Home' prexluce' a top 
fermentation while others pre)duce a be)tte)ni fe'rnie'ntation. Ban has 
made four groups: 1, Bottom yens ts of the Saaz type'; 2, Te)p yensts 
of the Saa2? type; 3, Bottom yensts e)f the^ Fre)libe'rg type'; 4, Top 
yeasts of the Frohberg type. The yeasts e)f the first twe) greaips 
are characterized by the fact that they give a feebler atte‘niiatie)n, 
those of the second two groups that they give a stre)ng att.enuaiie)n. 

Different industiial yeasts have ben'ii ele'se*.ribe'el by Van Ivae'r, ,lbr- 
gensen, Greg, anel a fc'.w other authors. Ame)ng the' best known may 
be mentioned variety II anel XII, top elistille'iy ye'asts whicli have 
been isolated at the Berlin Institute e)f Fe‘rme‘nte)le)gy. 


SACCHAROMYCES CARLSBERGENSIS. Hansen 






Syn. CAKLSBORG YKAKT. Hanse'U 

Described for a long tinier by Hansen ^ unele'r the^ provisional name 
of Carlsberg Yeast I, this specie\s has been Bul)jerd.(Hl to a care'ful 

study by the same author who has give'n it 
the name of SaccharomyccH Carlsbvnjcnsis, 
This yeast like the SaccharomyccH vionaccnsiii 
which we shall descril)e she)rtly, has be'e'n 
_ . usedforalong timein ( V)pe'nhagen brenve'rie's. 

A Wort Culture of 24 After culturing for 24 hours on be'e'r weirt 
Hours at 25° (aftc^r Han- 25° C., or after twe) days at. the^ le'inpe'ra- 
ture of the laboratory, SiiccJummiyce.s ce/r/,s‘- 
bergensis forms a doughy sediment made up of ellii)rical ce'lls, shafie'el 
like an egg or pear. (Fig. 102.) Cells with small points make' up fhe^ 
characteristic shape of this variety. The temperature limits for bud- 
ding on beer wort are 33.5° C. and 0° C. 

In the neighborhood of the minimum temperature, this ye'ast forms 
mycelial cells in chains with elliptical c(41s intermixeel. Giant ce'lls 
are rare. The mycelial cells form between 0° and 9° C. (Fig. 101.) 
They appear after 2 or 3 months at 0.5° C. At 1 or 2° C. they are 
formed in a month and a half and a little more quickly at 3 or 4° (k 

1 Hansen, E. C. Recherches sur la physiologie et morphologic dcs fe^rrnents 
alcooliques, XITI. Nouvelles 6tudes sur dcs Icvurcs dei brasserie il fermentation 
basse. Comp. Rend., lab. de Carlsbe^rg, 7, 1908, 



SACCHAROMYCES MONACENSIS 


235 


At the maximum temperature, the cells have the same shape as 
the cells used in the inoculation except that they are a little larger. 
On the other hand giant cells are more numerous. 

(Fig. 102.) Ascospores are formed but rarely and 
in small numbers. It is not possible to determine 
the temperature limits for their development. A 
feeble formation of scum is obtained in Pasteur 
flasks after a month at 13° to 15° and at laboratory 
temperature. At the end of two months, little 
islands of scum have formed made up of spherical 
and elliptical cells. At the end of one or two years, 
the old scum covering cultures maintained at the 
temperature of the laboratory shows the same Fig. lOl. — S. carls- 
characteristics. The cells are always spherical or ti^n^after Tw>^or 
ellipsoidal and the chain formation is very rare. Three Months in 

Giant colonies on wort gelatin offer the form of 
a rosette. More often they present m the center a 




Fig. 102. — S. carls- 
bergensis. Vegetation 
of a Culture after 
two to three months 
in Beer Wort at 32- 
35° C, (according to 
Hansen). 


depression which is surrounded by a number of 
concentric rings. The edge of the colony is 
slightly undulated. Some of the colonies have a 
glossy surface while others have a scaly appear- 
ance. They are ordinarily dry and of a chalky 
appearance. Liquefaction of gelatin is not pro- 
duced in three months. 

Cultures on plates or on gelatin produce colonies 
of the shape and size of pinheads. The superficial 
colonies have a grayish yellow color and a chalky 
appearance. This yeast ferments dextrose, sac- 


charose, maltose and galactose, but not lactose; it is a bottom yeast 


and an active fermenter. 


SACCHAROMYCES MONACENSIS. Hansen ^ 

This species described for a long time under the provisional 
name of Carlsberg Yeast II has recently been restudied by Hansen 
and given the definite name of Saccharomyces monacensis. In cul- 
tures on beer wort, it forms at the end of 24 hours at 25° C. a thin 
waxy sediment made up mostly of ellipsoidal or round cells. Giant 
cells are rather frequent. 

The temperature limits for budding in beer wort are 33° and 1° C. 

1 Hansen, E. C. Recherches sur la morphologie et la physiologic des fer- 
ments alcooliques. XIII. Nouvelles etudes sur des levures de brasserie a fer- 
mentation basse. Comp. Rend, du lab. de Carlsberg, 7, 1908. 
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Fig. 103. — S. 7nonacemiH. 

1. Vegetation of a Culture on Beer Wort aftctr 2 to .'i DavH at 
82-33®C. ~~ 2. (iiant Cells Obtaineil in a (Uilture of 10 llayn 
in Yeast Water to Which Dextrose Was Added at 0* (’. 

3. Vegetation after 10 Days on Beer Wort at 1-2** Ch (after 
Hansen). 


At the maximuiu teinponituix^ this ycnist has (ellipsoidal (t(‘Ils prcHlomi- 
nating with a few in the form of (chains. Tlie (*(dls are larger and 
longer (Fig. 103, 1); at tlu', minimum t(‘mp(d*ature, splierical and 
ellipsoidal cells may be seen at the end of 18 days. At- tlu^ (aid of a 

month, one may find a 
small number of colonichs 
ex)mpos(Hl of (H‘11s in a 
short (‘hain witli a hnv 
ran^ giant. (*(^lls. (Fig. 
103, 3.) 

In y(^ast wat(a* to which 
d(‘xtros(^ has Ix^m adchxl, 
oiu^may noti(‘.e uft(T about 
12 days at if (\ a ivvhh 
formation of a mycebum. 
On the otluT hand, in 
this medium giant C(^lls are so numerous and so larger that tlu\v Hcn*v(^ 
as a distinguishing cliaracteristic betwetui this sjxx^ichs and th(‘ pnxxxb 
ing one. (Fig. 103, 2.) 

At 13° to 15° C., one may sec at the emd of about a month in a 
Pasteur flask, the Ix^ginning of a scum with tlu^. form of floating islands 
in which the cells are spherical or ellipsoidal. At the end of a year, 
one may see in cultures, maint.ain(xl at labora- 
tory temperatures, an abundant scum formation 
which generally covers about all of the surface. 

These scums are again compos(Hl of cells which 
are ellipsoidal or round, chain formation being 
extremely rare. 

Ascospore formation is accomplished more 
easily in this species than in the preceding one, 
without being abundant. (Fig. 104.) But it is impossible to deter- 
mine the temperature limits of this formation. 

Giant colonies on wort gelatin have much the appearance of 
those of the preceding species. They take the shape of rosdlx^s with 
an undulating border. The colonies have a depressed center which is 
surrounded by a more elevated ring than with S. carlshergemda. How- 
ever the center of the colony consists more often of a wart and the 
points of the rosette are a little more pronounced than in S. carls- 
bergensis. S. monacensis is a yeast producing a typical bottom fermen- 
tation, fermenting dextrose, saccharose, maltose and not lactoses 



Fig. 104. — S, monmm-’ 
sisj with A8 (!s (after 
Hansen) . 
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SACCHAROMYCES PASTORIANUS. Hansen ' 

This is a species which is often encountered in the air in the vicin- i 
ity of breweries. It contributes a bitter, disa^eeable taste and bad ^ 
odor to the beer. Thus it contributes to the diseases of beer and im- 
pedes the clarification. It resembles very much Saccfiaromyces pas- 
torianm described by Rees and Pasteur but is not capable of being 



closely identified with this species. It forms in beer wort a sediment in 
which the cells are more or less elongated, mixed with large and small 
round or oval cells. (Fig. 3.) 

The temperature limi ts for budding in beer wort are: minimum 
0.5° C., maximum 34° C. 


Temperatures for Ascospore Formation 
At 31.5° C. no formation of ascospores. 


29.5-30.5° first appearance of rudimentary ascospores in 30 hours. 
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1 Hansen, E. C. Recherches sur la physiologie et la morphologie des ferments 
alcooliques. II. Les ascospores chez le genre Saccharoinyces. III. Sur la 
Torula de M. Pasteur. IV. Maladies provoques dans la biere par les ferments 
alcooHques. Comp. Rend, du lab. de Carlsberg. Vol. 1, Book 2, 1883; Vol. 2, 
Book 4, 1886; Cent, Bakt. Vol. 5, Book 2, 1909. ^ 


238 


FAMILY OF SACCHAR()MY(n^TA(^Ji]AE 


The ascs are elongated (Fig. 105) and possc'ss a number of asco- 
spores which vary from 1 to 4 and may attain th(^ number of 5 or 10. 
The size of the ascospore is quite variable; it varies between 
^ 1.5 and 3.5 microns and goes rarely to 5.0 microns. Tlu^ ascospores 
never undergo copulation, which distinguishes S. pastoriamus from 
S, intermedius and S. validus (Marchaud). 

Temperatures of Scum Formation 
At 34° no scum formation. 

26-28° at the end of from 7 to .10 days, (vi^hly (l{^v(‘lop(HL 

20-22° “ “ 8 to 15 

13-15° ‘‘ 15 to 30 

()-7° “ 1 to 2 months 

3-5° 5 to 6 “ 

2-3° no foiinaiion of a scum. 

The microscopic appearance of the cells in the scum is as follows: 
At 20-28° C. the cells present the same shape as in tla^ deposit. At 
13 to 15° C., vigorous colonics are seen having th(^ appc^araiutt* of a 
mycelium composed of ordinary cells elongated and in th(‘ form of 
chains (Fig. 106). In old cultures of scums, tlu‘ (*(418 an^ smallcT 
than in the sediment. One finds queer cells sometimes almost hliform. 
This yeast ferments saccharose, dextrose, levulose and maltose. 


SACCHAROMYCES INTERMEDIUS. Ilanstm ^ 

Syn. SACCHAROMYCES PASTORIANUS II. HauStm. Also R(H‘H 

This yeast produces a feeble top feriruaitation. It was di8(a)v<a‘(*d 
by Hansen in the air of bnweri(‘8 in ('o|)(aihag(m. 
It does not seem to ^ 
cause any disease in V 



^ & f 


the l)eer. Hansen 
has provisionally 
named it Saccharo- 
77iyces pastorianns II. 

In wort it forms a 
of elon- 
gated cells in chain 
formation. (Fig. 107.) One finds also large and small round or oval 
cells. The temperatures of budding on beer wort are: minimum, 
0.5° C.; maximum 40° C. 

^ Hansen, E. G. See references for Saccharomyccs pastorianus. 


Fig. 107. — S. int(sr~ 
medius. Young Cells 
from Sediment in sediment 
Wort. 


Fig. 107-A. “—Germination of Ah- 
(‘.oHoon^s in Sdccharmnyces inter- 
?nediuH. 

1, Without Copulation;’ 2“9, Aftor C!opu- 
lation (according to Marchaud). 
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Temperatures for the Formation of Ascospores 
At 29° C. no formation of ascospores. 
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The ascs are often elongated and include a variable number of 
aseospor(v« (1 to 7) which measure 2 to 5 microns in diameter. (B'ig. 
H.)8.) The ascospores undergo a copulation at the moment of ger- 
mination in about half of the cases. 


Temperatures for the Formation of Scum 
At 34° C. no formation of ascospores 

26-28° at the (md of 7-10 days feebh^ development 
20 22® '' 8-15 “ 

13-15® 10-25 

6-7® 1-2 months 

3^50 a a a a 5_(j 

2-3® no formation of scum. 


Microscopic appearance of cells in the scum is as follows: At 
20-28° C. the cells of the scum present 
almost the same shape as those in 
the sediment. One may sec queer 
shapes in the forms of chains. At 15 
to 3° C. oval or round cells predomi- 
nate. In the scums from old cultures, 
the cells are almost all smaller than 
those in the sediment. In yeast 
water gelatin, on streaks at 15° C., 
this yeast gives, at the end of about 
16 days, a vegetation with relatively 
even edge which differs from Saccharomyces validus. It ferments dex- 
trose, d-mannose, levulose, d-galactose, saccharose and maltose. 



Fig. 108. — Ascs of S. interm, edivs 
(after Hansen) . 
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SACCHAROMYCES VALIDUS. Hansen 


8 



Saccharomyces validus, at first called aS. pastorianus III is a top 
yeast isolated by Hansen ^ 

^9 On ^ bottom fermentation 
fl where it caused 

U cloudiness. In the vegehi- 

tion at the bottom of beer 
wort the cells are ordinarily 
elongated in the form of 
sausages intermingled with 
a large or small number of 
round or oval cc^lls. (Fig. 

109.) The temperature limits of budding are: minimum, (I 
maximum 39-40° C. 




Fig. 109. — validus. 
Young Cells from Sedi- 
ment in Wort (after 
Hansen) . 



Fig. 110. — Ahcs of aS. 
validus (aftcT 1 lansi^n). 


Temperatures for- the Formation of Ascospores 
At 29° C. no development of ascospores. 

27-28° appearance of first rudiments in about 35 hours 
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The ascs 

are ellipsoidal 

or elongated. 

Th(> ascosi)or(‘s measure 


2-4 jji in diameter and are variable in number in each asc (I to 10) 
(Fig. 110.) Sometimes they germinate after having undergone a 
copulation (Marchand) but more often singly. 


Temperatures for Formation of Scum 
At 34° C. no formation of scum. 

26-28° at the end of 7-10 days feeble d(ivelopment 


20-22° 

it 

it 

“ “ 9-12 “ 
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1 Hansen, E. C. See references under S, pastorianus. 
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Microscopic; appearance of the cells in the 
n follows: At 20- 28® G. the cells in the scmn 
e almost the same shape as those in the sedi- 
it. At 15 to 3® Cl and in old scums, one may 
colonies composed of elongated cells in the 
^e of sausages in which the appearance is 
‘h like a mycelium. (Fig 111.) In yeast water 
tin, on streaks, one may see at the end of 
mn days a very irregular border. This yeast 
lents d-mannosc, levulose, d-galactosc, sac- 
rose and maltose. 

LOGOS YEAST, Van Laer and Denamur 

Elere we shall again mention a species whose 
phology is very little known but which is of 
r much importance industrially. It was 
ited by Van Laer and Denamur ^ from among the yeasts used 
he brewery of Logos and (Company of Rio de Janeiro in Brazil 
origin is unknown; it seems to have originated in a spontaneous 
lentation of sugar-cane juice. It has the shape of S. pastorianus^ 
ing the fermentation the cells remain attached in large masses 
2 h settle to the bottom of the fermentation vats. It is a bottom 
5t with a slow fennentation which produces little alcohol. It is 
r much attenuated. It ferments dextrine, inuline, dextrose, d-man- 
d-galactose, levulose, saccharose, maltose, rafhnose, melibiose, 
a-rnethylglucoside. 



Fig. 111. — aS^ . validm. 
Vegetative Cells 
from Scum at 13-3° 
C. (after Hansen). 


SACCHAROMYCES ELLIPSOIDEUS. Hansen 


Sym: s. kllipsoideus i. Hansen. — s. ellipsoideus. Reess 



112. — S.ellip- 
dem. Young 
:11s from Sedi- 
mt in Beer 
ort (after Han- 
1 ). 


This yeast was discovered by 
Hansen 2 on the surface of raisins. 

It is a bottom yeast which 
plays an important r61e in vini- 
fication. In the sediment in 
wort cultures, it possesses ellip- 
tical or round cells; elongated 
cells are not common. (Fig. 112.) 

The temperature limits for bud- ellipsoideus (after 
ding on beer wort are: minimum, Hansen). 

0.5® C., maximum, 40-41® G. 



Van Laer, H., and Denamur. Notice sur une levure attenuation, limite 
eiev4e. Moniteur scientific, 1895. 

Hansen, E. C. See references for S. pastorianua. 
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Temperatures for Ascospore Formation 


At 32.5° no development of ascospores. 

30.5-31.5° appearance of first rudiments in about 3() hours. 
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The ascs 

development of ascospores. 

are ordinarily ellipsoidal and small. 

They enclose from 

e to four 

ascospores which measure 2 

to 5 JJL 

(Pig. 113). They 


germinate after having copulated two by two (Marchaud) in about 
half of the cases. 



Temperature for Formation of Scum 
At 38® no formation of scum. 

33-34° at the end of 8 12 days fully developc^d. 


26-28° 

20 - 22 ° 

13-15° 

6-7° 


916 ‘‘ 

10-17 
15-30 “ 

2-3 months 


5° no formation of scum. 

Microscopic appearance of the cells in the 
scum is as follows: At 20-34° C, and' at 6-7° ('., 
the scum includes cells which are small among 
which the sausage-shaped cells are abundant. At 
13-15° C. in old scums, one may see branching 
colonies with sausage-shaped c(4l8, either short or 
elongated. (Fig. 114.) In beer wort to whicdi has 
been added 5J per cent of gelatin, on Bt-reaks 
at 25° C., one may very closely separate the (h4Ls 
of the preceding species. (S. cerevifdae, Pastorianm^ intcTrmdim and 
validus) by a peculiar structure in the form of a network which is not 
able to escape the naked eye. This yeast ferments saccharose, dextrose 
and maltose. 


Fig. 114,— ellip^ 
soideus. Vegetative 
Cells from Scum at 
13-15° C. (after Han- 
sen). 


TCEASTS RELATED TO S, Ellipsoideus 

Numerous yeasts are used in the making of wine which are related 
to S. ellipsoideus. They have been described by Aderhold, Hotter, 
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Lendner, Marx, Muller-Thurgan, Nastjukow, Osterwalder, Seifert, 
Wortmann, Jacquemin, Kayser and Jorgensen. 

The most characteristic are the Johannisberg I and II yeasts, and 
S. vini Muntzii. Wc shall mention these rapidly. 

JOHANNISBERG YEAST 1 . Wortmann ^ 

This species possesses round, oval, or pointed cells. It forms a 
scum composed of oval cells at 26-27° C. The ascospores appear at 
25-26° C. at the end of 28 to 30 hours. They germinate according to 
Marchaud after having copulated. 

JOHANNISBERG YEAST H. Wortmann 

This yeast has bcnm described by Wortmann and Aderhold.^ 
It possesses oval cells longer than the preceding yeast, but never 
pointed. The limits of t(^mperature for budding on beer wort, accord- 
ing to Hansen, are 37 38° and 0.5° (-. Ordinarily it is a^ bottom 
yeast. It sporulates very abundantly on the plaster block. The 
temperature limits for sporulation are 2.3° and 33-34.5°. The as- 
cospores are to the number of four in each asc. It has been shown 
that they fuse more often two by two before germinating and under- 
going a true copulation (parthenogamy) ^ (Fig. 35). Germination is 
accomplished by budding at some point on the copulation canal. This 
species forms a scum composed of round or sausage-shaped cells. 

SACCHAROMYCES VINI MUNTZH. Kayser 

This yeast was found by Kayser ^ on grapes. It is made up of 
cells in chains which possess a vacuolar protoplasm and die at about 
55°. The ascospores form at the end of about 42 hours at 25°. This 

^ Wortmann, J. Landw. Jahrbuchcr, XXI, 1892. 

2 Aderhold, R. Die Morph, der deutschen Sacch. cllipsoideus Rasson. Landw. 
Jahrbuchcr, XXIII, 1894. 

® In this yeast the fusion of ascospores exhibits very curious characteristics. 
In a certain number of cases the ssygospore, formed by the union of two asco- 
spores, commences to germinate before nuclear fusion has commenced. The two 
nuclei take a position in the middle of the copulation canal and fuse when the 
first bud forms. At the time when nuclear fusion takes place the nucleus which 
results from it quickly elongates similar to a bud and divides by amitosis in such 
a way as to furnish a nucleus to the bud. Sometimes, however, nuclear fusion 
does not seem to be accomplished. The two nuclei join and seem to divide simul- 
taneously in a manner to form four nuclei, two of which remain in the zygospore 
and the other two enter the bud. 

^ Kayser, E. Contr. ^ I’^tude des levures de vin. Ann. de ITnstitut Pasteur, 
t. VI, 1892, ct les Levures, Masson et Gauthier-Villars, 6diteurs, 2® <5d., 1905. 
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yeast ferments saccharose, dextrose, levulose and maltose. It possesses 
characteristics of a top yeast. The ascospor(\s according to Mar- 
chaud undergo a copulation just before they germinate. 


SACCHAROMYCES TURBIDANS. Hansen 


Syn: s. ellipsoideus ir. Hansen. — s. ellipsoibeus. Reess 



Fig. 115 .— aS. TurU- 
dans. Young Cells 
from Sediment in 
Beer Wort (after 
Hansen). 


Ordinarily this is a bottom yc'ast whicdi was 
found by Hansen ^ in beer and fii-st des(*ribed 
under the name of a.S. ellipwiclcm I. He found 
a very evident troul)le in Ixht and this yc^ast 
may be regarded as an unfavorable specic^s, 
more so than S. validus. In sedinumts in l)eer 
wort it always has round or cdliptical cells. 
Elongated cells are rare. (Fig. 115.) The 
temperature limits for budding in be(^r wort 
are: minimum, 0.5° C., maximum 40° 0. 



Fig. 115~A. — Parasaccharomyces Ashfordii, Anderson. 



1, Colls from Young Beer Wort Culture, — 2, a, Moniliform CluHterH beneath the Surface of an Old 
Agar Plant; b, Cells from Surface of the Same Culture. ~~ 3, Young Oils, — 4, Old Cells. 


Temperature Limits for Ascosporci Formation 
At 35° C. no ascospore formation. 

33-34° appearances of first rudiments in 31 hours. 
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* Hansen, E. C. See references under S. pastorianus. 
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The ascospores are usually 5 /i in diameter (Fig. 116). Accord- 
ing to Marchaud, they germinate after having copulated. 

Temperatures for Formation of Scum 
At 40® no formation of scum. 

36-38® at tlie end of 8-12 hours feeble formation. 
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The microscopic appearance of the 
cells in the scum varies. At th(^ beginning 
the cells look lik(^ ihosc^ in the sediment 
l)ut, as a rul(i, they are a little longer. 
In old scums, one may see colonies with 
short and long (u^lls or tubular cells with 
branc^hing i)rojections. We have seen that 
Hansen was able to transform this yeast, 
normally a l)ottom yeast, into a top yeast. 



Fig. 116. — Ascs in Saccharo^ 
'tnyces turUdam (after Han- 
sen). 


SAGCHAROMYCES WILLIANUS. Saccardo ^ 

Syn: sacciiaromyces i of will. Bay^ 

The species has been described and named by Will,'** with the 
provisional name of yeast No. 811. It is a bottom yeast related 
to S. turhidans. Its cells are egg-shaped. 

The limits of temperature for the formation of ascospores on 
plaster blocks are 39-41° C. and 4-9® C. The optimum is 34® C. 
At this temperature sporulation appears at the end of 11 hours. The 
ascospores measure 1.5 to 5 in diameter, more often 3-5 /x. They 
appear at first very refractive, homogeneous, and show vacuoles with 
fat globules. Their number never exceeds four for each asc. They 
germinate ordinarily after having copulated. The temperature limits for 
the formation on beer wort of a scum are 39-41® C. and 4-5® C. The 
cells of the scum are elongated and form branching colonies. The 

^ Saccardo, P. A. Syllage fungorum. Padoue, II, 1895. 

2 Bay, J. C. The sporeforming species of the genus Saccharomyces. The 
American Naturalist, XXVII, 1893. 

3 Will, H. Zwei Hefearten welche abnorme Veranderungen in Bier veran- 
lassen. Zeitschr. f. d, ges. Brauw., XIV, 1891. 
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colonies develop on wort gelatin with ii'regular shapes and with the 
appearance of a network with large meshes. Later the center be- 
comes compact with irregular contours. The thermal death point 
for the vegetative cells is about 70° C. This species produces a disagree- 
able taste in beer and causes very pronounced difficulties. 

SACCHAROMYCES BAYANUS. S accardo 
Syn: saccharomyces n op. wiix. Bay 

This species was described l)y Will at the same time as the pre- 
ceding one. He designated it provisionally as Yeast II. It, also be- 
longs to the type ellipsoidcnis. The (udls have the shape of pointed 
eggs about 7 to 11 /x long and 5 to 6 ju wide. The temperature limits 
for the formation of ascospores on plaster blocks are 30-32° and 
0.5-3° C. The optimum is 24-25° C, At this temperature, the asco- 
spores appear at the end of 30 hours. Tluy ar(^ to the number of 1 
to 4 per asc and attain 2 to 4 microns in diameter. They germinate 
usually after having copulated. In old scums, the cells form budding 
colonies with branches. They are able to reach 30 microns in hmgth 
and 2 to 3 microns in diameter. The thermal death point for v(‘geta- 
tive cells is about 70° C. This species causes cloudiness in beer and at 
the same time produces a disagreeable aromatic odor, which is similar to 
that of decayed fruit, and ah extremely astringent taste. 

SACCHAROMYCES ILICIS. GrOnland 

This species was found by Gronland ^ on the fruits Ilex aqnifo- 
lium. It is a bottom yeast with generally spherical (‘(41s. ((‘in- 

perature limits for sporulation are 8-9.5° and 3()" 38°. d'h(‘ ascospoixvs 
are devoid of vacuoles. The scum contains cells which ar(‘ slightly 
elongated. Streak cultur(\s on gelatin liav(^ a fn,rinac(‘oiis ap}.('aran(H^ 
In beer woj’t this yc'ast j)r()(lu(U‘s about 2.«S p(‘r (‘(‘nl of al(H)lu)l by 
volume. Its vegetation giv(‘s a v(*ry disagnM^abh^ tast(‘. 

SACCHAROMYCES AQUIFOLII. Grdnland 

This yeast was also found by Grdnland in lh(‘ fruit Ilex aquif<h- 
lium. It is a top yc^ast with hirg(^ round (‘dls. t(anp(*ratur(‘ limits 
for the formation of asc()si)or(‘s an* 8*' 10.5° and from 27.5° to 31°. 
The ascospoix's p()ss(‘ss vacuol(‘s. Th(» s(‘um is ma(l(‘ up of s|)h(Ti(‘al 
and oval cells. Streak (‘-ultun^s on gelatin hav(^ variablt^ appe^arancc^s. 
This species in wort giv(‘s a vtay (lisagr(‘(‘able tastta It produca‘8 in 
wort al)out 3.7 per cent of alcohol by v()Ium(^ 

^ Grcmland, C. Eri ny Torula-Art og to ny(‘ Sa<uliaroiny <’(*«- A rtcr Mdensk. 
Med. fra dcju Naturh. Foreu, (k)p(‘iihag(‘ii, 1802. 
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SACCHAROMYCES PIRIFORMIS. Marshall-Ward 

Ward ^ isolated this yeast from ginger beer. It grows in symbiosis 
with Baderiimi vermiforme and is found in the sheath of this organism. 
The bacterium seciins to destroy certain substances which are detri- 
mental to the yeast. This yeast possesses ellipsoidal or round cells 
like those of Saccharomyces ellipsoideus. The temperature limits for 
budding are 35° and 10° C, It sporulates on plaster blocks at the end 
of 24 hours at 25° (k Ordinarily the ascs contain 4 ascospores. It 
causes an active fermentation in saccharose solutions and gives a 
white waxy sedimcmt. In be(‘.r wort, it produces only a feeble fer- 
mentation and gives a scum made up of cells shaped like pears or 
small sausages. 


SACCHAROMYCES VORDERMANNII. 

Went and Prinsen-Gccrligs 

This yeast was discovered by Went and Geerligs^ in a ferment 
used in Java for the manufacture of arrack. The cells arc ellipsoidal 
in the form of an egg or onion. The ascs enclose four ascospores. 
This species produces no scaim in sugar solutions, but simply a ring. 
It yields about 10 per cemt of alcohol. Saccharormjees vordermannii 
is the essential agent in the fermentation of arrak. 

SACCHAROMYCES SAKE. Yabe^ 

Syn: sakj^ yeast. Kosai ^ 

This yeast is used by the Japanese in the preparation of Sak6 from 
rice. The saccharification of the starch is accomplished by Rhizopus 
oryzae. The sugar thus obtained is finally decomposed to alcohol 
and C ()2 by means of the Saccharomyces saH. This yeast possesses 
spherical cells 6 to 12 /x in diameter. Ascospores, 6 to 12 microns in 
diameter, are secured on plaster blocks at 3-4° G. (minimum) and in 
36 hours at 4()°-41° C. (maximum), in 40 hours at 30-32° C. It easily 
ferments saccharose, maltose, levulose, dextrose, d-mannose, and 
a-methylglucosides and with difficulty trehalose and d-galactnse. It 
decomposes raffinose into melibiose and levulose but does not hydro- 
lize melibiose. 

^ Ward, M. The ginger beer plant and the organisms composing it. Philos. 
Trans. Royal Society, 183, 1898. 

^ Went, F., and Frinsen-Geerligs. Beobachtungen iiber die Hefearten und 
25uckerbildenen Pilze der Arrakfabrikation Verhand. d. Konigl. Akad. d. Wetensch. 
te Amsterdam, 4, 1895. 

® Yabe, K. Ueber den Ursprung von Sakehefe. Imperial University College 
of Agriculture Bulletin, 3, 1897. 

4 Kosai, Y. Chemio und biologie Unters., ilbcr Sakebereitung. Cent. Bakt. 
1, 1900. 
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SACCHAROMYCES CARTILAGINOSUS. Lindner 


This species was found by Matthes in kephir grains. It gives a 
smoky taste to wort. Its cells possess a very 
granular protoplasm. The ascs contain 3 to 
4 ascospores (Fig. 117). On beer wort, S. 
cartilaginosus forms at the end of a few weeks, 
on the surface of the liquid, small floating 
colonies of a firm consistency — almost car- 
tilaginous. These unit(^ and increase in size 
and result in making a scum. The yeast 
sediment is flocculent. The giant colonies are 
folded. This yeast ferments dextros(% d-man- 
nose, levulose, sacicharose and maltoses hut, 
produces only f(Kd)le fermentation in d-galacr- 
tose. It may also have an action on raffinose. 



Fig. 117. — Saccharomyces 
cartilaginosus. Cells from 
Young Culture on Boer 
Wort, and Ascs (after 
Lindner) . 


SACCHAROMYCES BATATAE. Saito 

This yeast was isolated by Saito ^ from moronn, a fermentable dough, 
made of a mixture of koji and potato (boiled) which is used 
in the manufacture of Brandevin (a wine in Japan). This yeast is 
the most active agent in this fermentation. The cells are oval and 
elliptical. In the scums they often have the shape of cells of Sac^ 
charomyces pastorianus. The ascospores form at the end of 24 hours 
at 25"^ C. They are spherical, very refractive and to the number of 2 
or 3 in each asc. In beer wort at 25° C. this species produces 3 per 
cent of alcohol by volume. Saccharomyces batatae easily ferments dex- 
trose, levulose, saccharose and maltose, more difficultly d-galactose, 
and raffinose; it has no action on mclibiose, lactose, inuline and 
a-methylglucosides. 

SACCHAROMYCES MUITISPORUS. Jorgense n. 

This is a wild yeast isolated by Tre>Im ri*e)m an iOnglish top ye'ust. 
Most of the ce'lls are' e'llipsoielal. He)we've‘r, a large' numbe'r are' large 
round cells. These' latte'r as we'll as the' e'llipsoidal, are' ('apabk' of 
forming asc's. Hj)ore\s api)e'ar on plaste'r blex'ks at the* e'nd e)f -It) hours 

^ LindiuT, P. Mikroskopiscrlu' Be'trie'hskoiit rolk* in ek'n ( iarungHvv('rlH*n, Paul 
Parey, Berlin, Oth edilion, I <)()!). 

^ Saito, K. Mikro. Studie'ii iib(‘r <ii(* Zuhe'n'itung <I(‘r Hetatenbninntweuns. 
Cent. Bakt. IS, 1907. 

^ Jorgeuise'n, A. Die^ Mikroorganisine'u (le'r ( kiruiigHindustrie'. oth e'dition, 
l^aul Pare\y, Beirlin, 1909. 
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at 25® C. Tlu^ uses ioriucHl by tho (ellipsoidal cells form only three or 
four ascospores; thosi^ from tho large cells form nine or ten. The 
ascospor(‘S are i-ouiid and very refractive. After long culturing in 
must sugar solutions, this yeast loses its ability to sporulate. Sac- 
charomyces rmdtiKporm is a bottom yeast which adheres closely to 
the culturce flask, so well that it is difficult to detach it. A thin scum 
is formcHl. It yic^lds about 4 per cent of alcohol by volume and pro- 
duc(‘s a disagre(eal)le tastce. This yceast ferments dextrose, maltose, 
and saccharose. 

SACCHAROMYCES MALI RISLERI. Kayser' 

Discover(‘d in specinums of cider by Kayser, this yeast possesses 
spherical cells, from 4 (o (> microns in diameter, which have a thermal 
d(‘ath point of 00® ( \ On licpiid m(‘dia, they produce an adhesive 
deposit on lh(^ walls. Th(^ ascosporus form at 15® C. at the end of 
ninety hours. This six'cic^s hirnumts saccharose, de.xtrose and maltose. 


CIDER YEASTS OF PEARSE AND BARKER 

These specic^s have been isolated by Pearse and Barker ^ from 
ciders in Alford and Kingston, England. 

Yeast A. Tlie cells in beer wort are usually oval while in old 
cultures they become elongated. The cells developing on gelatin 
sometime^s take the form of sausages. The maximum temperature 
for budding is sit uateni between 35® and 38® C. Spores are easily formed 
in 90 hours on potato and porous porcelain at room temperature. 
They commence toward 15® and stop at 26® C. They are often ob- 
served also in old cultures on wort. The ascospores measure 3.1 
microns in diameter. At the time of germination the wall of the asc 
is ruptured, the ascospores swell and germinate by normal budding. 
On gelatin this yeast forms dry spherical colonies, with slightly in- 
dented border. On streaks, it produces a creamy vegetation, with 
folded, slightly fringed borders. It liquefies gelatin very slowly. This 
species ferments saccharose, dextrose, levulose and maltose. 

Yeast B, This yeast is much like the preceding one in which the 
cells have the same shape. Their dimensions vary between 6.8 and 
10.2 to 4.4 IX. The maximum temperature for budding is around 33° C. 
Sporulation is accomplished easily on carrot and on porous porcelain. 
It appears on this last substrate in about 42 hours at 26® and in 90 

^ Kayser, E. Etude sur la fermentation du cidre. Ann. Inst. Pasteur, 4, 1890. 

2 Pearse, B., and Barker, P. The yeast flora of bottled ciders. Jour. Agricul- 
tural Science, 3, 1908. 
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hours at room temperature. It begins at 14° C. Ii> is also observed in 
old cultures on gelatin. The ascosporcs are about 3.9 jjl in diameter. 
Germination is accomplished as in Yeast A. This sp(H*i(^s ferments 
dextrose, levulose, saccharose and maltose. 

Yeast H. This species on beer wort has oval cells, which in old 
cultures may elongate. The maximum temperatuix' for l)udding is 
situated between 30° and 32° 0. Sporulation is a,c(H)mplished easily 
on porous porcelain, potato, carrot and on wort g(‘latin. The asco- 
spores are to the number of two, three or four ])er asc. They have a 
diameter of 2.3 jjl. Their germination s('ems to Ix^ acx'omplished by 
parthenogamy. On gelatin, the colonies ar(^ whit(^ dry, spherical and 
on streaks the vegetation is moist with fihigcxl bord(n‘s. Gcdatin is 
liquefied at the end of some time. This y(‘ast f(‘i*ni(‘nts dextrose, levu- 
lose, maltose and saccharose. 

Yeast I, The cells are oval in the form of a sausag(‘ with granules. 
The maximum temperature for budding is bet.w(xm 35° ( \ and 38° C. 
Sporulation is accomplished rapidly on g(4atin. On plast(‘r blocks at 
the end of 22 hours it appears at 20° C. ''Fhe ascosporcs nunisure 3.5 ji 
in diameter and vary from 2 to 4 per asc. Gca*minatioti begins by 
swelling of the ascospore which ruptures the cell wall and noruKil 
budding takes place. The colonies on gelatin platens have the a,pi)(‘ar- 
ance of cones with furrows on the surface and fringcxl (xlges. On 
streaks, the vegetation is creamy and moist with irrt^gular borden-s. 
This species ferments dextrose, levulose, maltose and saccharose. 

Yeast K. This species was found in the black Kingston cider. The 
cells are oval or sausage shaped. The maximum temperature for 
budding is around 38° C. Sporulation is accomplished on iX)rou8 por- 
celain at 26° C. The ascosporcs are to the number of 2 to 4 per asc. 
Their diameter is around 3.9 /x. The colonies on gelatin plates are 
spherical and dry with thin edges. This species ferments dextrose, 
levulose, maltose, and saccharose. 

SACCHAROMYCES TOKYO. Nakazawa 

This yeast was isolated by Nakazawa^ from IIk' f(‘nn(‘nlation of 
Sak6. It has spherical cells (1.2 to 3.2 jjl) or (41ipli(\‘il (‘(‘Its {3.()“"1L{) ji 
by 2.0 to 9.0 yu) often intermixc'd with large' c(‘IIs, ovoid or p(‘ar shapc'd. 
The protoplasm contains few or no granule's. 'The' ase‘e)spe)re's, e)f which 
the number varies from oiu' to four pe'r ase\ fe)nn in 21 he)urs at 35° C. 
The optimum temperature' for the fe)rmatie)n e>f ase*e)spe)re's is in the 
vicinity of 31° C. The' ase‘e>spore‘ appe'ars in abe)ut I(i hemrs. The 
minimum is abenit 10° G. The* seaim is fe)rnH'el with elifiie*ulty. When 
^ Nakazawa, H. Zwcm Saexharoinyeu^trn aus Sak^he'fe*. (k‘at. Hakt. 22, 
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cultiviU.c^cl ill ycasf. watisr containing 5 per cent of saccharose this 
yeast gives a rc'dciish color, (Jiant colonies are formed on gelatin wort. 
Saccharonnjcctt Tokyo scorns (o be a bottom yeast causing rapid fer- 
mentation. It ferments di'.Ktrose, saccharose, d-galactose and mal- 
tose; however it has no action on mclibiose nor lactose. 

SACCHAROMYCES YEDDO. Nakazawa 

This yeast, related to the iirc^cialing one, was also isolated by 
Nakazawa* from Hakd fi'rmentatiou. It possesses spherical (3.2 to 
0.4 jx) or ellipsoidal cdls; often the cdls are sausage shaped. Giant 
cells are often found. Tlu^ protophism is homogeneous and contains 
few or no granulations. In neutral yeast watia-, with 5 per cent sac- 
charose, this yi'iist imiiai’ts a ydlowish riid coloration to the fluid. 
It. produce's ascospories to th<^ numbi^r of 1 to 4 per asc. The maxi- 
mum tempi'raturc' for tiu' formation of ascospores is about 35° C. 
Till' ascospori's an^ foritu'd in about 18 hours. The optimum tempera- 
ture is around 31° (5. At this temperature the ascospores appear in 
about 14 hours. The minimum tcmpiiraturc is between 14° and 10° C. 
Sacchanmiyccfs Yeddo forms a thick shiny scum, in which the colora- 
tion varies from a white to a yellow. It is a bottom yeast and a slow 
fermenter. It, fi'rnu'iits di^trose, saccharose, d-galactose and maltose 
but has no action on mclibiose, nor lactose. 

SACCHAROMYCES FROM SHIRO-KOJI. Saito 

This 8p(*cieB was isolat-cd by Saito ^ from Shiro-Koji. It possesses 
globular isolatcnl ccills, from 5 to 6 ji in diameter. The contents show 
a hyaliru^ protoplasm with one or many vacuoles. The ascospores are 
almost always to tiui number of two in each asc. They are round and 
measuni 2 to 5 ix in diameter. The giant colonies appear as little points 
which form a mass of yellow growth without folds. The cultures 
on gelatin as stn^aks, produce a liquefaction of this medium. This 
species never produces a scum on sugar solutions but a ring is secured 
after fermentation. It ferments dextrose, levulose, d-galactose, sac- 
charose, maltose and raffinose but has no action on mclibiose, inu- 
line, lactose and a-methylglucosides. On beer wort, it produces 5.24 
per cent of alcohol after 20 days. 

1 Nakazawa, R. Zwei Saccharomyceten aus Sak6hefe. Cent. Bakt. 22, Avt. 
11, 1909. 

^ Saito, K. Notes on Formosan Fermentation Organisms. The Botanical 
Magazine, 15, 1902. 



252 


FAMILY OF SACCHAROMYCETACEAE 


SACCHAROMYCES T AND V OF LUDWIG ROSEi 

These species were isolated from the mucous secretions of two 
oaks in which they were found associated with Saccharomyces Lied- 
wigiij Saccharomyces apiculatus. Yeasts F and G of Rose, and End. 
Magnusii. They have the same characteristics and are apparently 
identical. Their cells are elliptical, later becoming round. Their 
diameter is about 5.5 /x. These two yeasts form ascospores easily to 
the number of two or four in each asc. The optimum temperature 
for the formation of ascospores on plaster blocks is 25° C. These species 
seem to resemble yeast No. 689, isolated by Lindner ^ from secretions 
of trees in the Berlin botanical garden. In wort they produce an ac- 
tive fermentation of the bottom type. They ferment dextrose, d- 
mannose, d-galactose, levulose, saccharose, maltose, raffinose and 
a-methylglucoside. 

JS. Second Sub-Group 

Yeasts fermenting dextrose and saccharose but having no action 
on maltose or lactose. 


SACCHAROMYCES MARXIANUS. Hansen 




This species was found by Marx on grapes and described by Han- 
sen.^ In must it produces small oval cells which resemble very much 
S. exiguus and S. ellipsoideus (Fig. 118). How- 
ever, they are easily distinguished from these 
two yeasts by the fact that they form colonies 
of long cells, very rapidly, in the shape of a 
sausage, and later on flocks which float on the 
liquid. These are composed of cells having 
the appearance of mycelium and resemble the 
formations which one observes in scums of 


Oo O 
Fig. 


O 



9 :::) 


118. — Saccharomy- 
ces Marxianus. Cells 
from Sediment after 
One Day in Beer Wort 
(after Hansen). 


certain other yeasts {S. cerevisiae, Pastorianus 
and ellipsoideus). These colonies arc formed of cells which are easily 
detached from their point of connection. On gelatin the cells develop 
with a true mycelial formation with cross walls resembling the my- 
celium of Monilia Candida (Fig. 119). 


1 Rose, L. Beitrage zur Kenntniss der Organisrnen in Eichenschleimfluss. 
Inaugural Dissertation, University of Berlin, June 25, 1910. 

^ Lindner, P. Mikroskopische Betriebskontrolle in der Oarungsvverben. Paul 
Parey, Berlin, 6th edition, 1909. 

» Hansen, E. Ch. Recherches sur la physiologic et la morphologic des fer- 
ments alcooliques. VII. Action des ferments aleooliques sur les diverses esix^ces 
de sucre. Levures alcooliques k cellules ressemblant i\ des Sa(i(Jiar()rny(‘es. C. R. 
du lab. de Carlsb. v. II, Book 5, 1888; C. R. du lab. de Carlsb. v. V, Book 2, 
1902. 
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The temperature limits for budding on beer wort are: minimum 
0.5® C. and maximum 4()-47® C. 

The maximum temperature of 
sporulation is situated between 32 
and 34®, the minimum temperature 
being between 4 and 8®. Tlie of>- 
tirnurn is between 22 and 25® C. 

(Kldckcr ^). Sporulation is effected 
very easily and most abundantly in 
yeast water with 10% of must, and 
on plaster blocks. The ascospores 
are spherical or oval and measure 
3.5 fJL in diameter. 

This species producers only traces 
of a scum which appears only after 
two or thrcH'i months of culturing 
on must. Its scum is mad('. up of 
cllii)soidaI c(41s with a f(^w elongated 
and sausage', shaped. 

In l)eer wort this produces after 
a long time from 1 to 3% of alcohol 
by volume. 

It inverts and ferments saccharose. It also ferments dextrose, 
d-mannosc!, d-galactose, levulose, raffinose and inulinc, but it does 
not act on melil)iose. 



Fig. 119. — Saccharomyces Marximms. 
Formation of Mycelium in Gelatin to 
which Yeast Water Has Been Added 
(after Hansen). 


SACCHAROMYCES MANDSHXnaCUS. Saito^ 

Saito isolated this yeast from Chinese yeast used in the making 
of Sorgho, an alcoholic drink of Manchuria. He isolated Saccharomyces 



Fig. 119-A. — Saccharomyces rnandshuriem. 
Cells from Sediment in wort at 28° C.; An 
Asporogenic Species (Saito) . 



Fig. 119~B. — Saccharo- 
myces mandshuricus. 
Cells from Sediment in 
Beer Wort at 28° C. 
(Saito). 


^ Klocker, A. Rech. sur les S. Marxianus, apiculatus et anomalus. C. R. 
des trav. du lab. de Carlsberg, v. IV, 1895. 

2 See reference for Zygosaccharomyces Mandshuricus, 
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mandshuricus /, II j IIIj and IV, The cells are oval or globular (6-8) 
in diameter. On gelatin large white round colonies are obtained. In 
their centers, there is a sort of crater witli canals running out around 
the periphery. On beer wort, a scum is formed after a time. The 
spores are globular (2.7-4) and on Gorodkowa's gelatin medium 
they germinate by ordinary budding. The temperature limits for 
sporulation are C. and 38° C. This yeast ferrncmts levulose, dex- 
trose, mannose, galactose, maltose, saccharose and raffinose. Saccha- 
romyces mandshuricus II, III and IV are very closely related to this 
species. 


SACCHAROMYCES EXIGUTJS. Reess-Hansen 

This species was found by Hansen ^ in pressed yeast. It develops 
in must with a vegetation resembling exiguus described by Reess. 
It is not possible to separate it with a certainty from this lattc'r yeast. 

The cells are small and resemble the cells of S. Marxiarms, l)ut 
they never give the mycelial formation. They do not cont.ain gly- 
cogen. 

The formation of ascospores and scums is not very abundant. ( )n 
the contrary, this yeast forms rings on the culture tube. Tha (*,(^lls 
of the scum resemble- those of the sediment. However, small cells 
and short, tubular forms are much more frequent. 

When cultivated in must this S, exiguus produces only feeble 
quantities of alcohol. It does not cause any disease in been'. It fer- 
ments saccharose, dextrose, levulose, raffinose, dextrin and sometimes 
inuline, but it does not act on maltose and d-mannose or rnelibiose. 


SACCHAROMYCES ZOPFIL Artari 

This yeast was found during the manufacture of sugar in Saxony. 

Since that time it has been found by others in 
samples of syrup in the making of sugtir. ()\v(‘n‘-^ 
stated that this yeast was the prin(.*ij)al ag(‘nt causing 
.r,. „ a deterioration of tlu' prodiud.. Bi-owiu^ isolatcHl 

charomyces Zopfii several varietu'S of yeasts irom ( uban raw sugar, 
(after Lindner). These are described (ds(‘wh(‘re. 

1 Hansen, E. C. Recherches sur la physiologic^ (d, la inorph(>logi(‘ d(*H fc^r- 
ments alcooliques. VII. Action dos ferments alcoolicpu's Kur I(‘H diven'ses (‘siM^ces 
de sucre. Levures alcooliques cellules r(‘ss(‘nil>lant h d(‘S Sae(*haroiny(‘es. ( I R. 
du lab. de Carlsb., v. II, Book 5, IS.SS; C\ R. du lab. d(* ('arlsb., v. V, Book 2, 
1902. 

“ Owen. The occurrence of Saccharomy(U‘S Zopfii in eaiie syrups and varia- 
tion in the resistance to high temperatures wlum grown in solutions of varying 
density. Cent. Bakt. Abt. II, 39, 1913. 
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This yeast has l)een isolated from the manufacture of sugar in 
Saxony d It is composed of short ellipsoidal or spherical cells in 
which the diameter may reach from 3 to 0 jU, exceptionally 8 fx (Fig. 
120). When the species is cultivated in a solution of dextrose with 
5 to 8% ammonium sulpluite added, it produces walled cells. The 
maximum temperature for budding in must is 33-34° C., the optimum 
is 28 29° C. Sporulation is (‘asily accomplished as well on liquid media 
as on solid media. Tlu^ maximum temperature for the formation of 
ascs is al)out 32 and 29° ( Ascospores commence to appear at this 
temperatures at tlu^ end of 21 hours. The ascospores arc spherical 
and mc'asure from 1.5 t,o 3/i in diameter. Their number is ordinarily 
two per asc, but it may vary from one to four. The vegetative cells 
arc abk^ to n'sist a temixa'atuni of 130° dry heat for a half hour, and 
from 06 07° moist heatu According to Owen this yeast is able to 
resist 90° C. for 10 minutes which would locate the thermal death point 
at 90°. 


SACCHAROMYCES COREANUS. Saito 



This species was isolated by Saito ^ from Koji from Korea. The 
cells are spherical, oval or sausage shaped, and possess a very re- 
sistant wall Their average dimension is from 3-7 /z. The contents 
are homogeruious and hyaline, sometimes 
with large vacuok^s. The cells dissociate 
rapidly in such a way that they often appear 
isolated. 

This ycuist forms ascoH|)ore8 very easily 
on plaster l)locks. The temperature limits 
for sporulation are: minimum 18-20°; op- 
timum 31-34°; and maximum toward 35- 
30° C. 

Each asc possesses from one to four 
ascospores, most of them having two to four (2 to 3.5 fi in diameter). 
The ascosponis germinate by ordinary budding. 

S, coreanm produces a moist scum in sugar solutions at 25°. It 
ferments dextrose, levulosc, saccharose, d-galactose, melibiose and 
rajOSnose, but has no action on maltose, lactose, arabinose, inuline 
or dextrin. 

Giant colonies develop on decoction of Koji gelatin and have a 


Fig. 121. — Saccharornyces, 
forma major ^ a. Young 

Vegetation from Sediment; 
bj Ascs (after Saito). 


1 Artari, A. Ueber einen im Safte d. Zuckerfabriken in Gemeinschaft mit 
Leuconostoc schadlich auftretenden, den Zucker zu Alkohol u. Saure vergarenden 
Saccharomyces (S. zopfii). Abh. d. naturf. ges. zu Halle, v. XXI, 1897. 

2 Saito, K. Notizen uber einige Koreanische Garungsorganismen. Centr. f, 
Bak., v. XXVI, 1910. 
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grayish white color. The center is sliglitJy concave with a surround- 
ing surface of radial bands. The edge is very much indentc^d. On Koji 
gelatin in plates, the colonies arc punctiform moist with a grayish- 
white color. The gelatin is not liquefied. In streaks on the same 
medium this yeast furnishes a thick white growth with an indentcid 
border. 

SACCHAROMYCES COREAIIUS. Forma Major. Saito 

Isolated under the same conditions as the preceding one, this 
yeast is scarcely distinguishable by its dimensions, which are, however, 
a little larger. The cells are spherical or oval (8 to 12 /x in diam(>ter) 
(Fig. 121, a) and cause the formation sometime^s of short mycelial forma- 
tions. The ascospores are 2 to 4 /x in diameter (Fig. 121, b). This 
yeast forms no scum on a decoction of Koji. 

SACCHAROMYCES JORGENSENII. Lasch6 

This yeast was described by Lasch6.^ It possesses small round 
or oval cells (2.5 to 5/x), The optimum temperatun'. for si)orulation 
is 25® C.; the temperature limits are 8®-12® and 2C®~3()®. At this 
higher temperature, vegetation rapidly disappears. The ascoHi)()res 
are spherical and very refractive. They are presemt ordinarily to 
the number of 2 or 3, rarely 4, per asc. No scum formation has 
been noticed. In old cultures, one may observe a scant ring formation 
resembling that of a brewery yeast. Gelatin is slowly liquefied. Cul- 
tures on streaks have a gray color with a regular edge. 

C. Third Sub-Group 

Yeasts fermenting dextrose and maltose but having no action 
on saccharose or lactose. 

SACCHAROMYCES ROUXII. Boutroux® 

This yeast was discovered in the juice of certain fruits. Its c(‘11b 
are small, 4 to 5 jU in diameter. They arc s{)herical or (ellipsoidal 
and often arranged in chains. The ascs contain from 1 to 3 asceosporcs. 
They are produced especially on nutricuit fluids. This s])e(;i(\s pro- 
duces no extendexl scum but simply small floating islands. 

1 Lasch6, A. Saccharomyces Jorgenscaiii. DtT Braunu^istcT, C'hi(!ago, 1892, 
and Zeitschr. f. d. ges. Brauw. 15, 1892. 

2 Boutroux, L. Sur Fhabitat ct la convcirHat.ion (i(‘8 hwun's Bpontan^c'H. 
Bull, de la soc. Linn, de Normandie, Vol. VII, 1883; Ann. do 1. se. nat. Boian. 
17, 1884. 
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YEAST FROM PULQUE NO. 2. Guilliermond ‘ 





This yeast was isolated from the fermentation of Pulque, an al- 
coholic drink preparcnl in Mexico. 

In beer wort it develops as a very (p [ 
abundant sediment with a whitish ^ a 
yellow color. A wine fcuinentation is 
produced in been* wort and a veiy 
evident cloudiness. After a certain 
time, it forms small floes with a 
sparkling appe^aramu^ which float in 
the mc'dium. Ring or s(mm formar 
tions have not b(‘(‘n obs('rv(‘d. The 
sediment is mad(^ up of cells with 
variable shapes, either oval, round, 
or elongated, with poir)it(‘d ends 
which rescanbU^, sornciwhat 6'. Lvir 
wigii. In gc^neral, budding is ac- 
complished at both (mds of the cells. 

Often many buds are formed at the same time at each end, as in the 
yeastr-like stru(jtur(‘B of the Dematiuni. Even round cells budding like 
Torula may also be observed. After a few days there is a produc- 
tion of a deposit in the flask and a true mycelium which buds like 


Fig. 121-A. — Yeast from Pulque No. 
2. Bediment in Boor Wort after 15 
Days at 30® C. (after Guillicrmond) . 



Fig, ril-B. — Copulated Ascospores 
Changing into Ascs after having 
Developed Cells in Yeast from 
Pulque No. 2. 



Fig. 121-C. — Copulation of Asco- 
spores and Their Germination in 
Yeast from Pulque No. 2 (after 
Guillicrmond) . 


a Monilia. The maximum temperature for growth is situated near 
40° C. and the optimum near 29°~30° C. The spores are formed very 
easily and abundantly on most solid media. They appear not only 
in the yeast-like cells but also in cells in the mycelium. Generally, 
they are to the number of four per cell. The maximum temperature 
for sporulation is near 37° C., the optimum near 25° C. 

^ Guillicrmond, A, Levaduras del Pulque. Boletln de la Direccidn de 
Estudios Bioldgioos, Mexico, 1917. 
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Germination of the spores is always similar to that in S. Ludr 
wigii. The spores fuse two by two by a copulation canal and later 
germinate by ordinary budding. It often ha{)pcns, in unfavorable 
solid media, that the spores after having united two by two, change 
immediately into normal ascs 



Fig. 121-D. — Germination 
and Copulation of Spores 
in Yeast from Pulque No. 2. 



This yeast inverts and ferments saccharose. It is curious and 
aberrant having certain analogies, in the formation of its mycelium 
and other characteristics, to Saccharomyces Ludwigii. 


ZYGOSACCHAROMYCES SOJA. Takahashi and M. Yukawa ^ 
Syn.: sacchakomyces soja.. Saito ^ 

This yeast was isolated during the early stages of ripening of 
'^Shoju Moromi,^^ and seems to be an important species for “Shoju ” 
manufacture. Excepting the fermentability of galactose, Sacchara- 
myces soja seems to be similar to this yeast; moreover, then^ is not a 
great difference between Torula ^^Shoju ” and this yeast. Ac(*ording 
to Saito's illustration it is questionable that he, who gav(‘ th(‘ name 
of Zygosaccharomyces japonicus to this '‘Shoju film yeast, coinpriscnl 
his ‘^Shoju ” yeast into the gemus of ^Saccharomyces. tJorgensem 
also has the same inference about this (HK'stion. 

In ^^Koji extract or wort after 5 days af 20° tlu'. young ctJls 
are commonly spherical or oval, 3.5 8 p in dia,m(‘ter. Tlu^ contents 
are homogeneous and sometimes exhibit vaxaiok^s, and an^ ri(ti in 
glycogen. The cells of old cultures in ^'Koji^' (‘xtracd. or wort aft(T 

1 Takahashi, and Yukawa M. Original communications, Eighth Intcrnatl. 
Congress of Applied Chemistry, v. XIV, UH2, p. UlO. 

8aito, K. Cent, f, Bak.‘ II, Ah. XVII, li)0(>. 

^ Jcirgensen. Die Microorganismen d. (.Jiirungsindustrie. IV. Aufl. Jorgen- 
sen, 370. 
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2-6 months have already heoii ([('.serihed, and are almost the same as 

in Zyiiosaccharomijces major. 

On ‘‘Koji ’ -extract-gelatin-plat.n this yeast forms bright pearly, 
grayish white, mostly round, and elevated colonies. On ''Koji 
extract agar streak at 27® (1 it forms a grayish white, waxy, elevated 
surface, but after a month it l)(^coines somewhat brownish and the 
centcu’ of growth becornc^s fiat. The edge shows tooth-like en- 
gravings. In glucose '' Sak6 agar the growth is yellowish white, 
of waxy lusten*, and forms an elcwated smooth surface with fine stream- 
ing lines. The (ulge is sonuavhat uneven. On stab the growth is the 
same as with tlui pixHuuling si)eci(is, but the surface of the isle is more 
concentrical. In fluid (ailt-ure the appearance of development of this 
species is v(uy similar to that of Zygosaccharomyces major. This 
species can also r('.produce and ferment in every nutrient fluid which 
contains 20% Na( -1. 

This y(‘ast hnixumts dc^xtrose, levulose, maltose, mannose, but does 
not ferment saccharose, raflinose, galactose, lactose, a-methylglucoside. 

Formation and gcn'inination of ai)ores in this species have already 
been described fully, llie form and size of spores are similar to those 
of Zygomccharomyces major ^ l)ut the numbers of sporogenic cells are al- 
ways less than in the latter species. Moreover, the time required for 
the occurrence of sporulation is longer than that of Zygosaccharomyces 
major. 

This species do(‘,s not ferment saccharose but Zygosaccharomyces 
7najor attacks the same sugar quickly and both species are easily dis- 
tinguished from (iach other by dimensions of the cells and the growths 
on glucose-** Sak6 ^’-agar. 

This species differs from Zygosaccharomyces Barkeri by the sporo- 
gcmic point of view and the behavior toward maltose, and from 
Zygosaccharomyces priorianus by the cell forms of young cultures 
and the circumstance of sporulation. Zygosaccharomyces javanicus 
is easily distinguished from our yeast by the size of cell and the fer- 
mentability of galactose, and the formation of large numbers of spores 
on agar. Zygosaccharomyces lactis a ferments lactose but not maltose. 
Zygosaccharomyces japanicus produces easily a particular film on the 
surface of nutrient fluid. Both Zygosaccharomyces fusoriens and 
Zygosaccharomyces from cocoa do not ferment saccharose as does Zygo- 
saccharomyces soja, but both species ferment dextrine strongly. 

On the other hand, Saccharomyces soja and Torula ^^Shoju ” seem 
to stand in close relation to Z. soja yeast; however, it might be 
appropriate to group these three yeasts together into one and the same 
species. Be that as it may, we will give it the name of Zygosaccharo- 
myces soja. 
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SACCHAROMYCES LINDNEM. Guillicrmond ^ 

This yeast was isolated from a ginger alcoholic drink which is 
quite similar to the English ginger beer. On beer wort, at 25*^ (A, the 
yeast develops at the bottom of the flask in the form of a white sedi- 
ment. The cells are oval or ovoid, rarely round, like those of Sac- 
charomyces elUpsoideus, The yeast then belongs to the ellipsoidem 
type. The cells have an average dimension of 5.2 jjl in length and 
4.5 fjL in width. After three months the cells in the sediment take on a 
peculiar appearance. The growth is vigorous and includes a large num- 
ber of giant cells, round or elongated, of tern in the shai)e of a curl. 
In old cultures, the cells tend to take on the round shape. The tem- 
perature limits for budding on beer wort are: minimum, below 5° C., 
maximum, 40-^1° G. Near the temperature limits, the cells have the 
same shape as at other temperatures. On beer wort at 25° C., this 
yeast forms a feeble ring after 12 days but never produces a scum. 
Sporulation is accomplished easily on slices of carrot, Gorodkowa’s 
gelatin medium and plaster blocks. When cultivated for a long 
time on agar it loses slowly its sporogenic functions as happens in many 
other yeasts (Lindner). The temperature limits for sporulation havc^ 
not been given careful study. The spores arc to the number of from 
1 to 4 per asc. They are spherical and have a diameder of 2 to 3 fx. 
Germination is accomplished exactly as in Sacchar(>niyce,s chevalieri 
and Mangini. It is generally preceded by a copulation of spoi‘(\s. On 
agar streaks at 25° C., there is produced a grayish white growth. After 
15 days and up to two months, the colony has the app(niranee of a 
damp white layer. The center is a little raiscul and includ(‘s a number 
of marked raised portions. The periphery is transpaix^nt and is (‘harac- 
terized by a number of jutting-out canals. TIk^ edge is undulat(‘d. 
Stab cultures in wort agar give a funnel shaped growt-h after 25° ( b 
The giant colony on wort agar at 25° C., after 15 days, is well de- 
veloped with a white, slightly yellowish, color. 

This yeast causes an active fermentation in bc‘.er wort. It ferments 
saccharose, levulose, and d-mannose, and d(^xtj*ose a liLU^, but- has no 
action on d-galactose, lactose, dextrine and maltose. 

SACCHAROMYCES PARADOXUS. Batsclmiskaia 

This species was isolated from the mucous seendions of trends 
at Petrograd. The cells measure 3. 6-7.2 X 2.6 G p. Huy possc^ss 
a rather special form of development, the interpretation of whicdi is 

^ Guilliermond, A. Monographic de levuros rapport/n^s d’AfriepK^ occ'identale 
par la Mission Chevalier. Annales dcs ScieiKJes Naturclles lioianicpies, 19, 1914. 
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difficult. Froiu 1 to 8 pores are formed in each asc, generally 4. 
Gennination is prc^eeded !)y a fusion of the ascospores. This is ac- 
complished l>etvv(H‘n two aseosponvs but usually one may see from one 
to three or a greater number* fusing. The cells which result from this 
fusion finally (elongate and take 
on various shap(‘s, giving a sort 
of promycelium. In this pro- 
mycelium, there are foi'incnl 
many generations of l)uds. The 
cells which result from thc^ bud- 
ding fuse two l)y two, and th(^se 
are the cells, which l)y Irudding, 
produce vegetative cells. 

Streaks on gedatin give colonies 
which are wliite, small and 
striking. On must agar, the 
yeast devedops under the form 
of a brilliant coating, viscous 
and liglit yellow. The giant 
colonies on must agar have t h(i 
sam(^ color as tlu^ colonic's on 
streak cultures. Bouillon cultures with beer wort added give no scum 
but a brown sculinumt and a clouditu^ss. This yeast ferments glucose, 
levulosc^, sac(diaros(i and galactose. A cytological study of the yeast 
secerns advisable in order to interpret the cell structure during the 
different stages of growth. 



O 

Fig. 121-P. — Saccharomyces paradoxus. 

a and b, Aecs; c, d, «, and /, Fusion of Cells and Forma- 
tion of Proiuyocliuin ; m, g, I, yoast Cells Derived 
from Budding of Copulated Colls Formed by the 
I*romyc(!lium; i, Proniycelium Transforming Directly 
into an Aso (after Batschinskaia) . 


SACCHAROMYCES MANGINI. Guilliermond ^ 

This yeast was isolated from fermenting wine Bili made at Conakry 
and was found along with a species named Zygosaccharomyces Cheva- 
lieri. This wine is a drink prepared from tubercles of the Osbeckia 
grandijlora. 

On beer wort at 25® C., S. Mangini forms an abundant white sedi- 
ment. When examined microscopically after 24 hours the sediment 
seems to be made up of oval or round cells resembling somewhat 
those of 8 . ellipsoideus. This yeast then also belongs to the ellipsoi- 
deus type. The cells are isolated and sometimes united into budding 
colonies of from 2“-4 cells. They are smaller than the cells of S. 
Chevalieri. The average dimensions are about 4.4 /x wide and 6.75 p 
in length. The cells keep the same form after 15 days. 

^ Guilliermond, A. Monographie des levures rapport^es d’Afrique occidentale 
par la Mission Chevalier. Annales des Sciences Naturelles Botaniques, 19, 
1914. 
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The teinporaiiire limits for budding on beer wort are a minimum 
below 5° and a maximum of 40-41®. The shape of the cell is the sauie 
at the temperatures limits as at the optimum temperature. A feebl<^ 
ring but no scum is formed at the end of 11 days. 

Sporulation is easily accomplished on slices of carrot and Goroci- 
kowa's gelatin and the plaster block. The ascs contain from 1—^ 
o spherical spores, 2-2,5 /x in diameter, 

O A ^ Spores germinate exactly as those of 

Chevalieri, On wort agar at 25® the yeast 
develops after three or four days with a 
train of white, moist colonies. The centc^r 
is slightly indented and the border slightly 
sinuous. The center is .thick and granular, 
the periphery surrounded by a number of 
canals running out from the center. 

On wort agar stab cultures at the end 
of 15 days at 25® the colony is funiud 
shaped. On wort gelatin at 20® the colony is round with a slightly 
raised center. There is no liquefaction of gelatin. The yeast has tlie 
characteristics of a top yeast and causes a rather active fermentation 
of beer wort. It ferments saccharose, dextrose, levulose, d-rnannose, 
lactose, d-galactose, and dextrine. 


OKz a, 


Fig. 121-G. — Saccharomyces 
mangini, 

1. Cells from Sediment in Boer Wort for 
24 Hours at 25‘’C. — 2. Ascs. — 3, 
Germination of Asoosporea. 


SACCHAROMYCES CHEVALIERI. Guilliermond ^ 

This yeast was isolated in a wine fermentation from the Ivory 
Coast. On beer wort at 25°, this yeast forms an abundant whito^ 
sediment. When examined at the end of 24 hours, this sediment shows 
large cells, spherical or oval in shape. Many give birth to lou;^ 
buds sometimes in the form of sausages. A certain number of tlic^ 
cells are elongated, but the round or oval cells are the most frequent. 
The cells of this yeast belong to the ellipsoideus type. 

The dimensions of the cells vary between 5 and 9 /x in length and 
4 and 7 /x in width. The average dimensions are about 5.53 /x long and 
4.14 jjL wide. The cells are frequently united in small colonies of about 
3~10 budding units. In older cells these colonies are generally spheri- 
cal or oval, while the young cells have a tendency to elongate. 

The temperature limits for budding on beer wort ai’e a minimum 
below 5® C. and a maximum of 40-41° C. Near these temperature* 
limits the yeast has the same cellular forms as at other temperatures. 

1 Guilliermond, A. Monographie dos Icvurcs rapport6es d’Afrique occidentale 
par la Mission Chevalier. Aimales des Sciences Naturelies Botaniques, 19, 
1914, 
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A feeble ring in fonuc^d at 2A-3()‘' on beer wort after about 12 days. 
This ring is made up of 8pheri(‘al or oval cells united in groups. The 
mycelial formation has not ol)served. 

Spores are form(‘d (juiekly on slices of carrot, Gorodkowa^s medium 
and the plaster l)lo(‘k. ddu* tcanperature limits on plaster block are 
maximum 31b 40'' and minimum 8 TO''. The optimum is situated at 
about 25 30°. At this ttanperature the spor(‘s a})pear in about 12 
hours. Tlu^ HpoiTH art* to a numl)(‘r of from 1 to 4 per asc. They 
are sphtaaeal and havt* a diamtder of from 2.5 to 3.5 microns. 

GiTinination is gt*n(‘rally pr(*c(‘d(*d by s(‘xual proccvsses analogous 
to thost* whi(‘h havt* b(‘(‘n d(‘S(*rib(‘d for Johannesburg II yeast. At 
the l)eginning of gt*rmination tlu* spores enlarge; the wall of the asc 
disapptMirs, but may pta'sist during the first stages of germination. 
About on(*"fo\irth of tlu* sport^s g(*rminate only by ordinary budding 
without prt'liminary (‘opulation. The others xmite two by two by 
means of a eoptdation canal. 

On wort agar in strt'aks S. Chvmlicri produ(;(*s at the end of three 
days a train of grayish whitt^ growth with a slightly indented border; 
at the end of 15 days to a month the colony is white with a damp 
appearaiHH*; its (uaitt^r is thick and bordca* slightly undulated. On 
wort. g(4atin in stal) cu!tur<*s the yeast develops a colony which is 
funncJ shaped. Th(^. surhu^x^ has a damp appearance; it is thick at 
the c{mt(‘r and thin at th(^ (nlgxvs. The giant colony on wort agar 
at th(*. (*nd of 15 days at 25° is well developed, spherical, slightly 
moist, and has a grayish whit.c color. It is made up of a central granu- 
lar portion and a thin transparent peripheral part. 

H, Chvmlieri has the characteristics of a top yeast. It causes a 
rather aciivx^ hu-nu^ntation on beer wort. It ferments saccharose, 
dx^xtrosx^, ](*vuloBe and d-mannosc (juite actively, but docs not seem 
to hav(^ any atdion on galactose, maltose or lactose. 

SACCHAROMYCES ETIENNE. Potion ^ 

This yeast was isolated from sputum from a disease in which it 
was thc^ causal agemt. The infection began with a gastro-enteritis 
which later turned into a pleuro-pulmonary trouble which had some 
of the appciarances of tuberculosis. The sickness yielded to treat- 
ment with iodine. The yeast develops on carrot and potato. It has 
cells which vary from spherical to ellipsoidal in shape (3-9 /x long 
and 4-5 wide). Curled cells are more numerous in scums and old 
cultures. The ascospores appear on carrot after 30 hours. The 

^ Potrou. Preseiujc d’uae Icvure au course d’une infection pleuropulmonaire 
grave. Soc. de Mdd, de Nancy, 1914. 
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ay(\s usually contain 4 elliptical ascosporoB (2 2,5/x). The wall of the 
ase is broken when the sporc^s gerniinate. Oer- 
inination is by ordinary budding. On potato at 
25° C., punctiform spherical colonies arci formed 
having a grayish white color. These become con- 
fluent into large colonics with festooned edgciii. 
White confluent colonies develop on carrot. The 
yeast ferments glucose. 

D. Fourth Svh-Group 

Yeasts fermenting dextrose, but having no action 
on saccharose, maltose or lactose. 

SACCHAROMYCES MALI DUCLAUXI. Kayser 

This species was found by Kayser ^ in a sample of cider. The 
cells are large (6 to 12 /x long and 4 to 7 /x wide) and form a light, float- 
ing growth. They are killed at 55° (1 and are very sensitives to acids. 
Ascospores are formed at the end of 30 hours at 15° (t This y(‘ast 
acts on neither saccharose nor maltose but fermcaits invea-t sugar im- 
, parting a bouquet ” to the solutions.. 

SACCHAROMYCES UNISPORUS. Jorgensen^ 

This yeast was discovered by Holm. By its action on sugars, it 
is related to Saccharomyces mali Duclauxi. cells ar(‘ small and 

oval. In old cultures, one may see tlu^ sha})e of tlu^ (*(‘lls of Pa.sto- 
rianus. The spores appear at the end of 40 hours at, 25° ('. After 
72 hours at 15° C. only a few as(;s are visible. Tlu' as(;ospor(‘S round 
and refractive. This yeast does not form a scum but simply a ring 
in old cultures. 

E. Fifth FuMhoup 

Yeasts which ferment lactose. 



Fig. m-H.— ASac- 
charomyces Etiennei 
(after I^tron). 


SACCHAROMYCES FRAGILIS. Jorg(‘ns(m^ 

This yeast was encountenul in kefir, an ah^oholic* milk produced 
by the fermentation of S. fraylii.s and many Torula and many bac- 
teria among which is Bacillm cancasicua, Saccharoni yc(\s fragili.s pos- 

1 Kayser, E. Ftudes sur la fonncntiitiou du (adn‘. Ann. Piist. Inst. 4, IHtK). 

2 Jorgensen, A. Dio Mikmorganisiuon <l('r ( Harungsindustric^, Berlin, 5th edi- 
tion, Paul Par(iy, 1900. 

3 Jorgensen, A, aSoc reference for S. iinisporus. 
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sesses small oval or eloiigated colls. (Fig. 122, A.) The temperature 
optimum for budding is towards 30° (1. Ascs are produced on plas 
ter blocks at 25° ( ’. in twenty hours, and at 15° C. in forty hours. They 
arc also fornu'd in fenmmting solutions and on gelatin. The asco- 
spores are round or elongated (Fig. 122, B). After a long time, this 



Fig. 122 . — ' ^accharomyceH Jr(i{]ilis, A, Young Vegetation on 
VejiHt WaU^r with Added Laetow. B, Aeca (after Holm). 


yeast i)r()(luct‘8 a scani, scaiin. At room temperature this yeast forms 
about 1 p(^r C(‘nt of alcohol by volume after eight days and 4 per 
cent aft(‘r 4 months. In b(‘(T wort, after six days, about 1 per cent 
of alcohol is formed. According to Bau this yeast ferments lactose, 
but has no action on melibiosc. 


SACCHAROMYCES FLAVA LACTIS. Krueger ^ 

This spcHues is found in beer to which it contributes an abnormal 
yellow color, and a disagreeable odor, resembling putrefied urine. It 
possess(‘s small ccdls attached in chain formation. They sporulate 
rapidly on slices of carrot. The colonies on gelatin are yellow. Gela- 
tin is li(iuefied very rapidly and the colonies cover themselves with a 
scum. Tins yeast produces a yellow scum in milk and in a decoc- 
tion of milk sugar. The coloring matter is formed only in contact 
witli air. 

SACCHAROMYCES ACIDI LACTICI. Grotenfelt 

Grotenfelt^ has described under this name a yeast which, intro- 
duced into sterile milk, causes a coagulation and at the same time 
a formation of acid. Its cells are ellipsoidal (2.0“4.35 jjl long and 1.5- 
2.9 fjL wide). On gelatin, and on agar, it forms white shiny colonies. 
On potato it forms large moist spots clear gray which turn to a brown. 

^ Krueger, R. Bakter. chemische XJntersuchungen kasiger Butter. Cent. 
Bakt. 7, 1890. 

2 Grotenfelt, G. Ueber die Spaltung von Milchzucker durch Sprosspilze 
und iiber schwarzen Kte. Fortschr. der Med. 7, 1889. 
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It femiente lactose giving 0.108 per cent of alcoiiol in eight days. 
Grotenfelt pretends to have obtaiiuKi ascospores on potato but the 
existence of tliese ascosfKirra doc^s not to be well establiBhcd. 

Then, again, it is possible that this species may be a Torvla. 

SACCHAROMYCES LACTIS a. Dombrowski ^ 

This species, isolated from Bulgarian yoghourt, has hmn described 
in the laboratory of Professor Jensen at Copenhagen by Dombrowski. 
Generally it is a yeast with elliptical cells but it may pn^sent cells 
elongated to 18 /x especially on solid riiedia. On grape must, the cells 
may be 9.0-6.0 /x long and 3.75-3.25-3.00 /x wide. In cultures on the 
cover glass the formation of giant colonies is easily observed. 

Sponilation is difficult to obtain especially after successive cultur- 
ing in liquid media. Ascospores are formed at the end of about 44 hours 
at 25® C. in cells arising from solid media. The ascospores are round j 
and to the number of three to four in each asc. They germinat(‘ by ! 
ordinary budding. | 

On beer must gelatin in plates, the colonies are lenticular. In i 
stabs, the growth is along the line of inoculation as one approuc^hes I 

the surface. Giant colonies on beer must gelatin, after two monliis, I 

offer a delicate structure with concentric zones and rays running out I 
from the center. I 

Saccharomyces lactis a, acts like a bottom yeast, in sugar solutions. I 
It never produces a scum, but a ring is fornuHl at the (uul of six weeks I 

at room temperature. In beer must, it producers a fermentation ac- | 

companied by the formation of an agrec^ible odor. It (k'colorizes j 

the wort in 10 days and yields after 4^ montlis four to five grams of | 

alcohol per 100 c.c. It causes an active fermentation in milk at 23“- j 

25® C. It ferments lactose, saccharose' and dextroses but doc's not act j 

on maltose. A small amount of acids an^ found among the products | 

of the fermentation. j 

i 

SACCHAROMYCES LACTIS Dombrowski ^ ! 

! 

This species has been isolated by Dombrowski from a sample of I 

milk fermented at 45® C. The cells possess varial)le forms. Oiu^ may 
find egg-shaped or elliptical cells aside from the elongated c(4ls which 
may reach 20 microns. These latter cells remain attacluHl and form 
long chains or a sort of mycelium. On beer wort, the cells nu'asure 
7.6-5.5-4.6~-3.8 /x in length and 4.6--3.8 /x in width. Sponilation is ac- 

^ Dombrowski, W. Die Hefen in Milch und Milchprodukten. Cent. Bakt. 

28 , 1909 . 
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oinplLsluHl (‘asily. ITay appi^ar al ilia (aid of five hours at 25'' C. on 
fhistta* hlcH‘kH. Tlu‘y uiny also In* ohstTxaal in cultures on gelatin, in 
anging tlrtjps and in I lie scums of old cultures on liquid media. The 
s(‘ospor(‘s livv to tlic^ number of from one to eight per asc. Their 
:)rm and diimmsicms urt‘ varinl)k^ Mon^ often they are elliptical 
ot mnwtimm they an* h(*misplu*ricul. They germinate by ordinary 
aiddiiig afti*r a!)S(U*bing tin* wall of the use. The colonies on nutrient 
gar. in plat(*s. arc* circmlar and torptalo shaped. In stabs, the growth 
^ along tlic* line <if ino{‘ulati<m and increases towards the surface, 
liunt coloni«\H hIhuv a centta* with a eratcTiform concavity with radii 
ut from tlu* ccaiha*. Sdceharnmum lactin ^ produces in liquid media 
nth sugars, a setnu and a ring in which the cells have somewhat the 
:)rm of a my(H‘lium with aH(*osport*H. It nets as a bottom yeast. An 
ctivc* f<‘rnH‘ntaticm is produced during which a feeble aroma may be 
oticed. IhHU- wort is ciistinetly dt^eolorizcHl and there is formed at the 
nd of fiv<* and a half jnonths 7.9H pcT cent of alcohol by volume. In 
lilk an emerge! i(* feainimtatiem is produced at 23-25° C. It ferments 
accharose, laetoH<% el-galnedost* and dextrose but has no action on 
laltoHe*. It nmim to Ik* closely redated to Saccharomyces fragilis 
Jorgemsen). 


YEAST FROM KOUMYS. Schipin 

This yeaiBi was isolated from koumys by Schipin. Along with a 
:*w l>acteuaa, it eontributc^s to the formation of koumys by inducing 
fermemtation in milk with a small quantity of lactic acid. ■ Ru- 
insky ^ has givem a elcdailcal dc'seriptiou of this organism. In hanging 
rops this yeast posH(*sH(‘s round or oval forms which contain at one 
f thear extre^mitic^s or in the middle a large refractive granule. In 
1(1 cultur(*s on agar, in Petri dishes (aft(ir four or five weeks) the 
ells are often (dongated. Old cells always contain granules. 

Bchipin lias obtained sporulation in this yeast. Rubinsky has also 
bacrvcHi on plastcu’ bloc^ks thc^ formation of six or eight globules which 
)ok like ascospor(‘B but it is not certain that they are true ascospores. 
>n gelatin plates, this koumys yeast exhibits mediocre development 
uring the first f(*w days. At the end of three days, it forms surface 
olonies of about 2'3.5 millimeters and the deep colonies are round, 
'he culture givers off an aromatic odor often acid. On gelatin stabs, 
he culture takes the form of a bottle and has a flat white color some- 
imes yellow along the line of puncture. On gelatin added to bouillon, 
fter 2 to 3 weeks, the colonies have a center sometimes soft and shiny, 
a cabbage bouillon, the colonies have a peculiar appearance. The 
^ Rubinsky, B, Studien aber den Koumiss. Cent. Bakt. 28, 1910. 
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middle is thin, dull, finely granuhu* and dry. Tlu^ edg(^ is distinctly 
raised above the central part surrounded by a granular portion. 

The colonies on gelatin possess no characteristic appearance. The 
yeast gives a growth resembling a string of pearls. The cultures on 
gelatin after from 3 to 5 weeks show a liquefaction. At 37° the cul- 
ture is juicy, shiny and white. It forms great white colonies. Later 
they spread all over the surface. 

In milk at 37° C. the koumys yeast produces a strong fermentation 
of the lactose and yields about 36 per cent of lactic acid. The liquid 
is cloudy at first but clears up showing an abundant vegetation in 
the sediment of a- varying white or yellow color. It never produces a 
scum. It has the characteristics of a bottom yeast. It decomposes 
the casein which it changes to albumoses and peptones and produces 
aromatic ethereal substances which impart to koumys its aroma. 

SACCHAROMYCES ANAMENSIS. WilP 

This yeast, which has been employed in distilleries under the 
name of “Levure anamite,’' is a top yeast of the wild variety. 
The cells are generally oval, sometimes elongated (4 to 9 /x). Giant 
cells may be noticed in cultures. Groups are rarely formed by indi- 
vidual cells. The spherical ascospores, one to four per asc (2.4 to 4 /x) 
have an optimum temperature for sporulation of 33° C . ; a maximum 
of 35° C. and a minimum of 12° C. This yeast forms a scum made up 
of round or oval cells, sometimes with cells shaped like a sausage. 
The optimum temperature for the formation of scums on beer wort is 
near 31° C. This yeast ferments dextrose, levulose, galactose, saccha- 
rose, maltose and raffinose. Lactose is assimilated, but the yeast is 
able to ferment it but feebly. 

SACCHAROMYCES TAETTE, Major and Minor 
Olsen-Sopp ^ 

These two yeasts were isolated from Tactte, a milk used in times 
of antiquity by the people of the North (Norway and Sweden). 
It is a thick viscous milk, not coagulated, but with an acid taste 
which is quite agreeable. Saccharomyces taette major is distinguished 
from the second variety by the fact that its cells are much larger and 
that it produces ascospores. The second type, Saccharomyces taette 
minor, does not give ascospores. Taette does not contain over 0.3 

^ Will, H. Saccharomyces anamensis, die Hefe des neuen Amyloverfahrens. 
Cent. Bakt. Abt. 2, 39 (1913) 26. 

2 Olsen-Sopp, 0. J. Taette, the primitive Norse storage milk and associated 
milks; their significance as a nutrient. Cent. Bakt. Abt. 2, 33 (1912), 1-5. 
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to 0.5 per cent of alcohol by volume which results fro m a fermen- 
tation of the lactose by these two species. 

F. Sixth Sub-Group 

Yeasts which do not produce alcohol and in which the character- 
istics of fermentation are little known. 

SACCHAROMYCES CONGLOMERATUS. Reess 

This yeast was found by Reess ^ on decayed grapes and at the 
beginning of the wine fermentation. The description of the author is 
reproduced here. “Budding cells, round, 5 to 6 ju in diameter united 
in bunches. This formation is accomplished in the following man- 
ner. On the axis of two old cells, before they germinate, by budding 
in the direction of their longitudinal axis there are formed simul- 
taneously many buds which branch out. The ascs are frequently 
united two by two in each cell. Two to four spores are present which 
during germination give rise to new bunches.^' 

Hansen has never observed a yeast which may be compared 
to Saccharomyces conglomeratus. He thinks that this yeast may 
not be a well-differentiated yeast but may be a yeast which has 
been studied under another name {S, padorianus^ ellipsoideuSj etc.). 
These, in their scums, present often the appearance described by 
Reess in S. conglomeratus. The existence of this yeast is, then, prob- 
lematical. 

SACCHAROMYCES HANSENH. Zopf^ 

This yeast has been isolated from the pollen of cotton. The cells 
are spherical or ellipsoidal and each one contains many fat globules. 
They measure 4 to 11 The ascospores are spherical and to the 
number of two per asc. The cultures on must gelatin in stabs are 
a brilliant white with no liquefaction. In solution of dextrose, d- 
galactose, lactose, maltose, dulcite, glycerol and mannite, this yeast 
produces varying amounts of oxalic acid. 

SACCHAROMYCES THEOBROMAE. Preyer^ 

This yeast completes the fermentation of cocoa. In scums, its 
cells are long, cylindrical rods. In culture solutions when poorly 

1 Reess, M. Ueber den Soorpliz Sizungsber. der physikalisch. med. Sozietat. 
Erlangen Botan. Ztg. 1878. 

2 Zopf, W. Oxalsauregarung bei einem typischen Saccharomyceten (S. Han- 
senii). Ber. Bot. Gesell. 7, 1889. 

.3 Preyer, A. Der Tropenflanzer, 1901. 
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nourished, this species produces ascosporcs after 18 liours at 25° C. 
They are very numerous in each asc. In decoctions of cocoa this 
yeast produces an alcoholic fermentation and forms a scum. It does 
not invert saccharose and dies rapidly in this solution. 

YEAST FROM SALT. Hoye ' 

This species was found by Hoye in the analysis of air. This 
author used as a nutrient medium a wheat paste to which was added 
17 per cent of salt. It is a round yeast which forms a single spor(‘ 
in each asc. The best medium is a fish bouillon with 10 per cent of 
salt added. In nutrient liquids with 3 per cent of salt, development 
ceajses completely. The different proportions of salt have no influence 
on the shape of the cells. This yeast produces no fermentation in 
apple juice. 

SACCHAROMYCES ANGINAE. Achalme and Troisier 2 

This species was found by Achalme and Troisi(‘r in a (*lini(‘.al 
angina analogous to thrush. The cells are oval (8 to 0 by 5 () ju), 
^ isolated in groups of 8 to 10, ofhm budding at oru' 
y of the poles. (Fig. 123.) In cultures, tiu'y pro- 
duce ascs with 4 rounded ascospores (2 microns). 
U On gelatin, this yeast develops with grayish white 
0 colonies, with the deep colonit^s brown and 
' Fig. 123. — Saccharo- spherical. S. anginae does not licpiefy th(' genial in. 

din^^^CellsTnd Ascs colonies are thick and of a dull rose, 

(after Troisier and In acidulated water, the growth is cloudy and 
Achalme). there is produced at the (^nd of threes days a 

sticky brown deposit. This yeast ferments saccharose. 

SACCHAROMYCES TUMEFACIENS. (Ckirtis) Busse 

Syn.: saccharomyces subcutaneous tumefacienb. ( kirtis'^ 

This species was observed by ("urtis from a tumor of the hij) 
and from a lumbar abscess in man. In the tumor it prcisent-s oval or 
spherical cells with granular contents (16 to 20 /x) and is surrounded 
by a gelatinous capsule (Fig. 124.) In cultures, iho cc'lls oval at first 

1 Hoye, K. Rech. sur la moisissure de Bacalao et quclqties antres inicroorga- 
nismes halophiles. Bergens Museums Aarbog. No. 12, 190ti. 

2 Achalme and Troisier. Sur une angine parasitaire. Ar(;h. med. Exp. 3, 
1895. 

® Curtis, F. Contribution h r6tude de la Saccharomycosc humaine. Ann. 
Past. Inst. 10, 1895. 
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without capsules sonu^tinu^s form in (iliuins of two or three. The cap- 
sule may develop in old (‘ultur(‘S. Thb yeast often forms ascs with 
from 1 to 4 ascosporc's (RusscO. In ^(ilatin stabs, 
a whiter growth is sc^cured after 48 hours. Th(‘. 
gelatin is not liciuefied. On agar the colonies 
are small, and lunctiform and fuse (|uickly into 
a solid muss. On glycuu'ol [)otato the growth 
is rapid- Tlie culture has tlu^ appearance of a 
continuous dry streak, at first white and later 
brown. On liciuid media, Ixhu* wort, the develop- 
numt is rapid and almndant. No scum is Fig. 124. — Saccharomy-> 



ces twnefaciens. Para- 
Hitic Forms Supplied 
with Oelatinous Cap- 
sules. 


fornuid. Tins y(^ast inv(‘rts saccharose, and' 
causes a fe(4)l(^ hn-numtation. Alcohol and acid 
are formed. There is no action on maltose nor 
lactosi^ Its maximum t(‘mp(‘rature is around 37^ C. This yeast 
has a local path(‘nog(mi<^ity for the rat, the white mouse, and the dog. 


SACCHAROMYCES GRANXILATUS. Vuillernin and Legrain 

This yeast was isolatcxl by Vuillemin and Legrain.^ It possesses 
oval or (4lipti(tal c('lls, som(4im(‘S globular or elongated, about 2- 
10 jjL X 2 4 /X. Th(‘ memt)rane is covercid with granulations which are 
(‘it.her irregular or regular. (Fig. 125.) These 
c<41s form oru^, randy two or threes buds, and con- 
tain fat globules of a reddish color. The cultures 
thus tak<^ on a vermillion tint. Sonui of the cells 
are abk^ to (meyst and change into durable cells 
or cldamydospores. On plaster blocks, the cells 
have very thin and folded membranes containing 
Saccharo- ascospores which are spherical or 

elliptical. On licjuid media this yeast does not 
]] producc a scum but a sediment is formed which 

is reddish in color. In gelatin stabs, punctiform 
colonies are fonned. The gelatin is not liquefied. On agar, beet, 
carrot, or cabl)age, it forms a folded and shiny coating. On potato 
slants, the growth is dry. This yeast is pathenogenic for the rabbit. 



Fig, 125. 

mycan granuldtus. 


SACCHAROMYCES BLANCHARDH. (Blanchard). Guiart^ 

This yeast described by Blanchard,® Schwartz and Binot was iso- 
lated from a tumor of a man. It was taken from the peritoneum after 

Vuillemin, P., and Legrain. Sur un cas de Saccharomycose humaine. Arch, 
le Parasit., 3, 1900. 

2 Guiart, J. Precis de parasitologic. BailliSre, 1910. 

® Blanchard, R., Schwartss, E., and Binot J. Sur une Blastornycose intra- 
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which the patient succumbed to the operation. It has round cells, 
(1.5 to 15 or 20 /x) slightly greenish, surrounded by a thick mucilag- 
inous capsule. In cultures on carl)(>- 
hydrate agar, the cells are also spheri- 
cal and often appear in beaded forma- 
tion. (Fig. 126.) Almost all of them 
after a few weeks transform into 
spherical ascs with a thick wall. They 
contain 8 round ascospores. These 
measure 34 /x in diameter. This species 
grows on liquid media and produces 
a sediment. On gelatin streaks, it 
gives a grayish white colony. The 
gelatin is slowly liquefied. On gelatin 
plates, white colonies are produced 
which are round or scalloped and on 
agar a thick growth, a little yellow and not scalloped. On agar 
plates, it forms lenticular spots yellow or grayish. On potato, a 
mucous coating, white or yellowish, is formed and on carrot an 
abundant viscous growth. 

SACCHAROMYCES MINOR. Engel ^ 

The yeast was found in a fermentation of bread. It has spherical 
cells 6 jjL in diameter, united in chain formation and in little groups 
of six or nine cells. The ascs are 7.8 /x and contain 2 to 4 ascospores 
of 3 ju in diameter. 

SACCHAROMYCES UVARXIM. Beijerinck ^ 

This yeast is not well known. It was found in a bottle of grape 
juice to which saccharose had been added. It produced an active fer- 
mentation and was associated with >8. sphaericus (Naegeli). It is a 
yeast which especially ferments maltose. In yeast water to which 
maltose is added it produces acetic acid. On nutrient gedatin, ascs 
are formed easily and in large numbers with 4 ascospor(‘s. 

1 Engel, Les ferments alcooliques. Thesis for the Doctorate of Sciences, Paris, 
1872. 

2 Beijerinck, M. W. Ueber Regeneration der Sporenbildung bei Alkoholhefen. 
Cent. Bakt. 4, 1898. 



after 48 Hours (after Blanchard, 
Schwartz, and Binot). 
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SACCHAROMYCES LEMONNIEM. Sartory and Lasseur ^ 

Isolated from the sputum of a pei'son with bronchitis and pul- 
xionary congestion, this yeast has round cells surrounded with a 
thick capsule. It grows easily on most media. The optimum tem- 
perature for growth is between 25 and 30"^ C. It vegetates quite well 
sit 37.5° C. but stops at 40° ( •. It forms a scum on glycerol bouillon. 
The temperature limits for scum formation are, 15-20° C. and 37- 
38° C. Asc formation has been obtained on plaster blocks, each asc 
containing four spores which are spherical in shape (2.5-3 ju). On 
carrot, development is rapid, a white thick colony being obtained. 
On potato, the growth is scant. It is pathogenic for rabbits and 
guinea pigs. 


Genus X. Hansenia. Lindncr-Klocker 

HANSENIASPORA. Zikes 

Cells lemon shaped, with hemispherical ascospores, and provided 
with a more or less projecting collar which gives them the appearance 
of a hat. They germinate by ordinary budding. 

HANSENIA APICULATA. Lindner ^ 

Syn.: hanseniospora apiculata. Zikes 

Reess has designated under the name Saccharomyces apiculatm a 
yeast of pcnailiar shape', cliaracterized by the presence at one or both 
ends of an oval cell, of a little point (nipple) rather long which causes 
the cell to have an apiculate shape. Hansen ® has found a yeast which 
seems to correspond with that of Reess^ to which he gave the same 
name. This species is found in abundance on sugary fruits, in the 
mucous secretions of trees, the nectar of flowers, etc. It is encountered 
in the first pliases of the wine fermentation. 

The cells arc apiculate and generally have apiculate buds. Oval 
cells with oval buds may also be obtained (Fig. 6). Under certain 

1 Sartory, A., and Lasseur, P. New pathogenic yeast (Saccharomyces lemon- 
nieri. Comp. Ilend. Soc. Biol. 78 (1015), 48-49. 

2 Lindner, P. Sporenbildung bei S. apiculatUs. Woch. f. Brau. No. 42, 
1903; Mikroskopische Betriebskontrolle in den Garungswerben, Paul Parey, 
Berlin, 6th edition, 1909. 

3 Hansen, E. C. Recherches sur la physiologic et la morphologic des fer- 
ments alcooliques. Sur le S. apiculatus et sa circulation dans la nature. Comp. 
Rend, du labor, de Carlsberg, VoL 1, Book 4, 1881, 
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circumstances the cells may be half-moon shaped or elongated. The 
buds, in the form of a lemon, develop especially in the first phases 
of the culture and later may be replaced by buds oval in shape. The 
cells never contain glycogen. 

Engel has reported the observation in this yeast of ascogenous 
fructification related to that of Protomyces and has created the genus 
Carpozyma for it. On the contrary, Hansen has never noticed ascs 
or other forms of fructification in this yeast and regards it as be- 
longing to the Torula. However, Beijerinck (1894) 
reported the presence of ascs with many ascospores. 
Klocker, however, has been unable to confirm the 
presence of ascs and thinks that Beijerinck has taken 
for ascospores the fat globules which are commonly 
present in the cells of this yeast. 

Lindner has demonstrated the formation of ascs 
^ Saccharomyces apiculatus isolated from the flowers 
apiculata (after of Robinia psevdoacada. The ascs never contain but 
Lindner). ^ single ascospore. (Fig. 127.) He was not successful 
in observing the germination of these ascospores. Rohling has becni 
able to follow the germination of one of these ascospores in a decoc- 
tion of horse manure to which 5 per cent of glucose^, was added. It is 
then probable that special conditions are necc^ssary for th(4r germina- 
tion. 

In the light of these discoveries, Lindner has cremated for this species 
a new genus Hansenia, But according to Klockc^r/ Saccharomyces 
apiculatus in which Lindner has describcxl ascospores, may not be 
identified with the Saccfiarom.yces apiculatus of Hansen but may only 
be a species related to this yeast, for in the true S. apiculatus^ und(^r 
no circumstances may the presences of ascs be observed. Indeed, all 
of the efforts put forth by Hansen and Klocker to demonstrate spores 
in this species have been in vain. 

Zikes,^ on the other hand, has tric'd to makc^ SaccliaromycvH a/ri- 
culatus sporulate by various proccxluius l)ut has had litUci success. 
He admits that Hansenia apiculata is cliff c'rcmt from S. apiculatus 
and proposed to designate the Saccharomyces apiculatus of Hansen 
under the name of Hanseniaspora viucrouiata (Lindner). The genus 
Hanseniaspora would be part of the family of Sa('C‘-haromycc4,es while 
the genus Hansenia would be placed among the Non-Saccharomycetes. 
It may be regarded as an asporogenic variety of Hansenia or as a spe- 
cial form not having all of the characteristics of the latter. 

1 Klocker, A. Invertin und Sporenbildung bci Saccharomyceten apiciilatus- 
Formen. Cent. Bakt. 21, 1910. 

2 Zikes, H. Zur Nomenclaturfrage der Apiculatushefe. Cent. Bakt. 30, 1911. 
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We o\v(‘ to Klocker ^ a vc^ry important study of apiculate yeasts. 
This author has isolated a series of forms made up of different species 
which have been described under the name of Saccharoniyces apicu- 
latus. Klocker concluded that this is not a special species but simply 
a group of species. He has isolated two groups of species which do 
not sporulate and wliich he has incorporated in the family of Toriir 
laceae or N on-SaccharoniycMes with the generic name of Pseudosac- 
charomyce.s, replacing the gemus of Hanmiia of Zikes. The sporulat- 
ing specic^s he has plac(‘d in the Saccharomycetes under the name of 
Hmisenia (Lindner), replacing the genus Hanseniaspora of Zikes. 


HANSENIA VALBYENSIS. Klocker 


On beer wort, at 27® Ck, tluj cells arc apiculate or shaped like 
ellipsoideus; some are shaped likci short sau- 
sages (5-8 /i). Tlui limits of temperature 
for growth are C. and 0.5® C. The 

spores appear at the (md of from 4 to 5 days 
on wort gelatin at 25® ('. They are hemi- 
spherical and to the number of two per ascj, 

rarely one. It fer- 
ments dextrose, 
levulose and d- 
mannose. Gelatin Fig. 128. 
is liquefied. It was 
found at Copen- 
hagen. 




-Hansenia Val- 
(Jells after 3 
Days on Wort at 30° C. 
(after Klocker). 


byamia. 


FOURTH GROUP 

Budding yeasts, without copulation in 
the origin of the asc. These yeasts form 
a scum on sugar media which is dry and 
opaque. The ascospores are hemispheri- 
cal in the form of a lemon supplied with 
3 a projecting collar and a single thick mem- 

Fig. 129. — Ummnia valbyenm, brane. Germination is sometimes pre- 
ceded by a parthenogamy. The greater 
part of the species in this group do not 
give an alcoholic fermentation but do produce ether. 


I, Aacg; 2, AHCoaponsa; 3, (Jermination 
of Ascosporc* according to Klocker. 


1 Klocker, A. Recherches sur les organismens de la fermentation. 11. Re- 
cherches sur 17 formes des Saccharomyces apiculatus. Comp. Rend. Trav. lab. 
Carlsberg, 1913. 
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Genus XI 

Spherical or hemispherical ascospores, irregular or angulous in 
form. Generally no fermentation is produced. Forms a strong my- 
celium. 

PICmA MEMBRANAEFACIENS. Hansen 
Syn.: saccharomyces membranaepaciens. Hansen 

This species was found by Hansen in the gummy exudations of 
the elm, by Koehler in well water and by Jorgensen in white wine. 
It has been described by Hansen ^ and Siefcrt.^ It resembles the 
Mycodermae {Mycoderma cerevisiaej or mm). When cultivated on 
beer wort a thick scum is rapidly formed, folded and grayish in color. 
It is filled with air bubbles. The cells are spherical or elongated and 
rich in vacuoles (Fig. 130). The temperature limits for budding in 
beer wort are: minimum, 0.5° C. and maximum, 35° C.-36° C. The 
scum is not formed at the temperature limits and the yeast vegetates, 
then, as a deposit. 

The ascs form easily on plaster blocks and also in most of the 
culture media and especially in the scums. They possess two spheri- 
cal, elongated, hemispherical or oval ascospores, sometimes trian- 
gular, which measure about 4.5 microns in length. According to 
Nielsen,^ the maximum temperature for budding is situated between 
33 and 35° C., the minimum temperature between 2.5 and 2.7° C. and 
the optimum between 30.5 and 31° C. At this latter temperature the 
ascospores are formed in 19-21 hours. On wort gelatin, the colonies 
develop on the surface of the substratum and look like a shield. 
They are rugose and have a reddish tint. The geJatin is liquefied 
very rapidly. The colonies which develop in the dc^pths of the nuv 
dium have a different appearance and liquefy gelatin k^ss rapidly. 
This species does not invert saccharose, and according to Hansen, 
does not ferment any sugar. However, Lindner has caused a slight 
fermentation of dextrose and levulosc. 

1 Hansen, E. C. Recherches sur la physiologic ct la morphologic dcs fer- 
ments alcooliques. VII, Action dcs ferments alcooliques sur Ics diversc^s eapdccis 
de sucre. Levures alcooliques k cellules resscmblant i\ dcs Saoduiromycics. Comp. 
Rend. du. lab. de Carlsberg, 2, Book 5, 1888; XI, La spore do Sac(diaromyces 
devenue sporage. Recherches comparatives sur Ics conditions do cnnssanco 
vegetative et le d6veloppement des organes dc reproducition dcs levures et dcs 
moisissures. Comp. Rend, du Lab. dc Carlsberg, 5, Book 2, 1902. 

2 Siefert, W. Saccharomyces membranaefaciens. Bcr. d. chem. Phys, Ver- 
suchsst. Jlostemburg, 1899-1900. 

® Nielsen, J. C. Sur le d6veloppemcnt des spores du Saccharomyces rnemhraruw- 
faciens, du Sacch. Ludioigiiy et du Sacch, anomolous. Comp. Rend, du lab. de 
Carlsberg, 3, Book, 31, 189R 
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PICHIA MEMBRANAEFACIENS II AND III. Pichi 
Syn,: 8Acciiahomychs mkmbranakfaciions h and hi. Pichi 

Pichi ^ han <l(\scrib('(l two vsp(‘(ti(\s of yeast which very much re- 
cmbk^ P- menibranaejadens and which he has called Saccharomyces 
wyrihrarumfacMm // and Saccharomyces mernhranaefaaiens HI. These 
wo speci(‘H have somewhat th(‘ same 
►hysioloji:ical and morphological charac- 
eristics of Saccharomyces membranae- 
^aciens of llanscm. Th(\y se^e^m to 
liffer only in the sliape of tluar ascs. 

P. 'membranacfacicns //was found 
•n the l(^av(\s of Evonymus cu7'opacu<s. 

"he c(‘lls are usually 5 to 7 p long and 
.5/x wide £nd even 10 10 jjl long and 
-4 to f) fJi Wide. Th(i aH(U)spores are 

ound or a little flatUauHl (2.5 3 jjl), 

"h(^ ascs <‘nelos(^ If-4 ascospon's and 
i)nn in a milky white, foldc^d scum. 


"hc^y an‘ oval ((> 8 fx long by 3-5 /x 



-- Pichia memhranaefaciens 
(afte^r Kayser). 


nde). 

P. 77iembranacfacie7iH III was isolated from wiiu^ The ccOls are 
to 7 fjL long and 3-4 to (> /x wide. The ascospores (2.5 X 3.5 jjl) are to 

the number of 2-4 in a spherical or 
oval asc. The scum develops on beer 
wort at 22-“25® C. and is folded with 
a large number of ascs. 

PICHIA HYALOSPORA. Lindner 

Syn.: saccharomyces hyai^osporus. 

Lindner 

This yeast, discovered by Lindner, 
forms on beer wort a delicate scum. 
The ascospores are rounded, each being 
provided with a brilliant granule in 
the center probably of the nature of 
a fat globule (Fig. 131). The giant 
colonies are a dull gray with a filaceous 
ppearanc(\ This yeast does not induce a fermentation. 

^ Pichi, P. Ricierche morph, e fisilogische sopra due nuove specie di Sacch. 
rossime al S. membrauaefactens. Ann. della R. Scuola di viticoltura e di Enologia 
i Coneghano, 1, 1892, 



tive Ceils and Ascs (after Lindner). 
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PICHIA TAURICA. Siefert 

Syn. SACCHAROMYCES MEMBRANAEFACIENS, Vaf, TAURICUS. Siefert 

This species was found by Siefert ^ in Crimean wine. It forms a 
delicate scum which falls to the bottom of the culture flask ver^^ 
easily. This scum is composed of elongated or sausage-shaped cells 
(20 fjL long and 4-6 fjL wide) rarely oval. The temperature limits for 
budding are: maximum, 22° C., minimum, 5-6° C. on wine with 8 per 
cent of alcohol. The optimum is about 22° C. Numerous ascs are 
formed after a short time in the scum. The temperature limits for 
sporulation are 5-6° C. and 34° C. This yeast does not grow in more 
than 13.2 per cent of alcohol by volume. 


PICHIA TAMARINDORUM. Siefert 2 
Syn: saccharomyces membranaefaciens var. tamarindorum. Siefert 

Isolated from an alcoholic drink prepared with tamarind, this 
yeast possesses elongated cells rarely oval or pear shaped, with a very 
refractive granule in the protoplasm. The elongated cells are about 
2-6 fi in length and 2-6 fx in width. The oval cells are about 5-6 jjl in 
length and 2-3 jx in width. 

The scum is thick powdery white, and wrinkled in old cultures. 
If it is disturbed, it falls to the bottom of the flask in large flakes. 
Spores are abundantly produced in the scum at temperatures of the 
laboratory. They are also produced easily on plaster blocks between 
27 and 30° C. At 34° C. and at 1.5° C. no ascospores are formed. , The 
ascospores are hemispherical (3 to 4 jx) '.and usually possess a refractive 
granule in the center. On gelatin the giant colonies have a charac- 
teristic rosette appearance. 


PICHIA CALIFORNICA. Siefert 

Syn,: saccharomyces membranaefaciens mr. californicus. Siefert^ 

Discovered by Siefert in red wine from California, this .yeast 
generally possesses oval cells (4^-8 /x in length and 3-5 fx in width) 
enclosing a refractive body. It forms a delicate scum which falls to 

1 Siefert, W. Ueber die Sauerabnahme im Wein und den dabei stattfin- 
denden Garungsprozess. Zeit. landw. Versuchswesen in Osterreich. 1900. 

2 Siefert, W. Saccharomyces membranaefaciens. Ber. d. Chem. physiol. 
Versuchsst. Klosterneuburg. 6, 1899-1900. 
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3 bottom of tlu‘ fliiak vvh<‘ii (listurhod. llie temperature limits 
• budding hit 7 12® C. and 33® (\ in wine with 8 per cent of alcohol, 
le optimum is HituatcHi betw'nm 28® and 30® C. In beer wort the 
tximum temperatiin^ is lu^ar 39® C. The temperature limits for 
;)rulation are 5 d>® C. and 39- 40® ( \ Th(» optimum is near 34® C. The 
x)Bporc\s an^ sphtuac^al and rc^fractivc^ (2 3 /x in diameter) and dc- 
lop only in 12.2 per wni of alcohol by vohime. This species forms 
s glycerol in Pastcmrs nuHiium and does not attack alcohol as 
ich as memhranaefacuNs. Pkhia calif arnica has also been found 
Miiito ^ in thc^ fcu-numtation of rum from molasses on the island of 
min, Japan. 

PICHIA RADAISII. Lutz 
Syn.: HAr'CHAHOMYoioH kadaish. Lutz 2 

This specie's was isolale'd by Lutz from tivy, an alcoholic drink, 
!'I)ar('d in M<‘xi('o. It has oval or (‘longated c(‘lla (8 to 8.5 fx long 
d 3 to 3.5 /X wid(‘). 'Phc' optimum temperature for the formation 
a scum is 23® ('. Ihidding c<‘aH(‘s at about 37 38® ('. Rponilation is 
:;()mplish(*d at tiu' (uul of 12 hours at 22® 23® C. The maximum tern- 
ratur(» for the' formation of ascospon's is betwexai 25 and 28® C. 
le ascoB|)or('s ( L4/x in dianud('r) are spherical and generally to the 
ml)er of 4 pe'r ase. This spe'cnes does not liquefy gelatin. The col- 
ies are n'ddish in color which appear after a culture period of some 
ac. 


PICHIA FARINOSA. Lindner 
Syn.: BAOxacAiiOMYCKS faeinosus. Lindner 

This specie's was fe)und by Lindneu’^ in be^er in Danzig. Saito has 
jcntly fe)unel it among the* ye'asts in se)y bean sauce. The cells are 
lerally ele)ngate'd; some are ellipsoielal (Fig. 127). The maximum 
nperature^ for the fe)rmatie)n of the scum is 37® C. On beer wort, or 
30ction of koji/' it forms a dry scum after 24 hours. Ascospores 
i formed emaily in me)Bt media notably in the scum, but the prep- 
ay of forming spores is couipletely lost by cultivating on gelatin, 
le ascospore^B are^ to the^ number of 1 to 4 per asc. The^y are rounded 
oval with a brilliant granule in the center. According to the il- 
itrations of Lindner and Saito it seems that the ascs are derived 

' Saito, K. Notiz Uber die Melasso-rumgarung auf den Bonin-inseln. (Japan), 
at, Bakt. 16, 1908. 

^ Lutz, C. Rech. sur la constitution du Tiby. Bull. Sic. myc. de France, 
1899. 

^ Lindner, P. Saccharomyces farinasus and Bailii. Wochensch. f. Brau. 
>3. 
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from a copulation. These authors show ascs formed from two cells 
united by a canal. Sometimes only one will produce ascospores and 
sometimes both. (Fig. 132.) Guilliermond ^ has shown that these 
illustrations simply represent budding. In fact, the cells destined to 
sporulate are able to continue budding at the moment of sporula- 
tion and the ascospores often form before the separation of the cell 

which is formed in the bud- 
ding process. Sometimes 
the bud will form on the 
lateral surface of the cell, 
then will elongate parallel 
with the mother cell which 
results in forms resembling 
the Zygosaccharomyces. 

The giant colonies on 
maltose gelatin are circular 
and have a chalky white 
appearance. 0 n g (d at. i ii 
streaks, the culture^ is also 

Fig. m.~Pickia farinosa. Vegetative Cells ^^itish and th(. edge, finely 
and Ascs in Scum on Beer Wort (after Lind- indented. Li(]jU(‘fa(d.ion of 

the gelatin is quite rapidly 
accomplished. The giant colonies arc chalky wliitx^ with a folded 
surface and slowly liquefy the gelatin. This yeast feel)ly hn-memts dex- 
trose and levulose but has no action on other sugars (maltos(‘, d-galac;- 
tose, saccharose, melibiose, raffinose, a-methylglu(a)sid(‘s). In bcu^r 
wort, the amount of alcohol produced is very small. In 11 days, 0.9 
per cent of alcohol and ethyl ether is formed. According to Siefert, 
Pichia farinosa produces in alcoholic must acetic acid. 




PICHIA SUAVEBLEUS. Klocker 


Found in soil in Denmark, this specnc^s forms 
on must at the end of 24 hours at 25^^ < a gray 
scum which adheres to the walls of the flask, and 
a white thick ring. On beer wort tlu’: scum is 
thick and compact with a yellowish color. The 
cells in the scum are spherical or oval (5 to H}x 
long). The temperature limits for the formation 
of scum are 34-36° C. and 10-4° 0. The ascospor(^s 
are spherical sometimes flattened on one side with 



Fig. 132-bis. — Pichia 
mavvhlvm. (Jelln from 
a Young Scum on 
Boer Wort (after 
Kl(>eker). 


1 Guilliermond, A. Quelques remarques sur la sexualite des levures. Annals, 
mycologici, 8, 1910. 
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t large rofriiclivt' glohvik' in th(‘ (‘(‘nP'r. Each asc contains about 2 
,scospor(‘s. Ascosporcs are formed with difficulty on plates. The 
('inperature limits for sporulalion on plates arc 29-33° (1. and 10° C. 
t ferments d(‘xtros(> and saccharose only. In beer wort it sets up a 
eeble fernnuitation with a fruity odor. Gelatin is not liquefied. 

PICHIA ALCOHOLOPHILA. Klocker 

This specie's was found in Denmark. On must after a few days it 

orms a seann at 25° ( '. moree or less developed. On must with 10 per 

ent of alcohol added, it forms a well-developed 

cum. It is fokh'd and adh(^r(« to the tvalls 

if thc' flask. Th(‘r(‘ is abundant se'dimental 

;rowth. The cells in the- scum aree spherical; 

hose e)f thee sealimeait aree eiveil e)r sausage 

hapeeel. 'Flu' te'tniH'rature' limits for the fetrma- 

ion e)f the' scum are* 33 35° ( '. anel 3.4 to 8.4° 

1. The ase'ospeere's are to the numbe'r of four, ^'J2-A. —PiehiaAlco- 

onu't lint's two per asea Ihe'y are splu'ncal CcIIb from a Young Scum 

ir hemispherie'al. The-y aree formeed abun- to which 

, ,, . , n I- r X Alcohol W!i8 Adcleel. 

lantly m the* scums, llm limits eif teimpera^ 

ure for the> feirmatiem eif spore's on plates are 29-33° C. and 0.5-4° C. 
lelatin is partially lieiut'fieel. Dextrose is feebly feimented. 




PICHIA POLYMORPHA. Kloeiker 

I’his speciees was also found in the soil of 
Denmark. A white well-deiveiloped scum is formed 
em must in 24 hours at 25° C. It adheres to the 
siek's of the; flask. At first the cells arc elongated 
or e'gg-shapeid (13 long). They bud laterally. 


'ig. 1.3‘2 H. 


Einally, they beiceimc spherical or oval. 


milj/morpfm (tiftt'r jH'rature limits feir scum formation are 39 


The tem- 
" and 0.5° 


from a Young 


rh(^ aBcoBpores arc spheri- 


B(M‘r Wort cal and formed with difficulty 
on platcB. Gelatin is liquefied. 
)extroB(* and sacuduirose are fermented and maltose 
eel)ly. 

PICHIA CALLIPHORA. Kldcker 



Fig. 132~C. — P«a 
calliphora (after 
Kldcker). Cells from 
a Young Scum on 
Beer Wort at 25° C. 


This specie's was found on the fly Calliphora Boot ^rt at^^° 
Tthrocephala at Carlsberg. On beer wort, a white 
cum is formed along with a feeble ring. The cells are sausage shaped 
lUd almost 13 /x long. The temperature limits for scum formation are 
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C. and 0.5™4° C. The ascospores arc small, spherical or hemi- 
spherical to the number of 2 to 4 per asc. The temperature limits 
of sporulation on plates are 24-27° and 7-10° C. Gelatin is liquefied. 
A fermentation is set up in wort. Dextrose only is fermented. 

PICHIA MANDSHURICUS. Saito 

This was' isolated from Chinese yeast used in the preparation of 
an alcoholic drink in Manchuria. It was found along with Zygosac- 
charomyces mandshuricus. The temperature limits for scum formation 

are 7-10° C. and 40-41° C. The 
spores are globular or spherical 
(2-4 jji) obtained in the scums on 
plaster blocks, 1 to 4 per asc. The 
temperature limits for sporulation 
are 11-16-32° C. Dextrose is fer- 
mented. 

At the same time Saito isolated 
another species of the sanu^ group 
Fig. 132 -D.-Ptc|mmands/»«nats (after named Kocoling chiu Knhmhefe 

which has elongated c(Ts. The 
temperature limits for the formation of the scum aw 7 -10° and 
60° C. It ferments dextrose, fructose and mannose. Only once on 
Gorodkowa’s gelatin did the author observe spoi*e formation. 




YEAST FROM PULQUE NO. 1. Guilliermond ^ 

This species was isolated from the fermentation of Pukiue. It 
belongs to the genus Pichia, On beer wort, at 25-30° ( -., tluire are 
formed at the end of a day, small floating patcdics on th(^ surface of 
the liquid and' after 48 hours, a scum which 
is grayish white in color. A sedimental 
growth is also formed. The cells are gener- 
ally oval, sometimes round. In old cultures, 
they are elongated and remain in chain 
formations. The maximum temperature for 
growth is near 30° C., the optimum being 
between 29° C. and 30° C. The ascospores 
appear on most media. They arc to the 
number of 1 to 4 per asc, and have a hemispherical shape. Th(^ maxi- 
mum temperature for sporulation is around 38-39° C. The optimum 
is between 29-32° C. The yeast inverts saccharose but produces no 
fermentation. 

^ Guilliermond, A. Levaduras del Pulque. Boletin de la Direccion de Etudios 
Biologicos, Mexico, 2, 1917. 




Fig. 132-K. — Yojist/ from 
Pulque No. 1. Celle from 
CJarrot (iifter Guillier- 
mond). 
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PICHIA ORIENTALIA. Bcijorinck ^ 

This is little^ kiiowri l>ut smns to be related to the genus 

^€hi(h It poss«‘SH{\H us(*s which makes it improper to class it with 
le Pichia, It was is<)lat(‘d by Ihnjerinck from a sample of '' koji '' 
jcurcHl from Eyckman. The same author has found it on certain 
dental fruits (grapes from Corinth). It is a yeast which especially 
Tincmts (l(»xtros(\ In y(^ast wat(‘r to which glucose has been added, 
brings abotd an axdivt^ feu-nuadation. In beer wort the fermenta- 
on is l<\ss a(‘tive. It do(‘s not f(‘rment maltose. On beer wort it 
>rms a scnim and produces carlK)it dioxide. In culturing it on grape 
lUst to whieli la(*tie aci<l has Ixhui adek'd, at 28"^ (I, it produces a dry 
aim, powd(‘ry, in which num<a*ous aseos])oreB are formed. 


SACCHAROMYCES MYCODERMA PUNCTISPORUS. Melard^ 

This yesast whicdi scMans to b(‘Iong to the Pichia was isolated by 
lelard in a Btdgian bnaveay from a top fermentation. It causes a 
isagna^alile tast<‘ in b(aa\ Tlic^ ccdls belong to the Pastorianus or 
lipaoidviis type and show, in their interior, from 1 to 3 small black 
aints. Tlu‘ yiaist is (‘ssiait iully aiTobic and develops a scum rapidly 
1 lupiid mtalia. ddus scum varies witli the medium. It may pre- 
ait a scum Iik<* ordinary yi^asts or b(^ folded and present character- 
tics of th(‘ H(nim of Mycodrrma, Sjxirulation has been obtained on 
[lustca* bltx'ks and in scaims. At the. temperature of 15-18'^ C. it is 
!compliHh<Hl in 5 to i\ ilays. Tlu^ ascospores may result from an in- 
vam in sizt' of the* black spots in each cell. The giant colony is 
ill and of a yellowisli tint. It do(‘s not liquefy gelatin. This species 
K*s not prodiU!c* any li(|U(‘faction. Levulose is preferred over other 
igars as a food. It do(*H not invert saccharose. 


Genus XIL Willia. Hansen 

Ascospores in the sliape of a lemon or hat with a projecting ring 
•ound iluan. Most of the species produce ethers but some give 
dy an alcoholic fi*rmentation. 

^ Beijerinck, W. Uc*lM*r n^generation der Sporenbildung bei Alkoholhefen 
> diesc*. Funktica in Vcrst'hwinden begriffen ist. Cent. Bakt. 4, 1898. 

® M(*lard, L. Nate aur un orgaaiamo isole d'une bidre de fermentation haute, 
rat International Ckaigrcss of Brewing, Brussels, 1910 
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WILLIA ANOMALA. Hansen 
Syn.: saccharomyces anomalous. Hansen 

This species was isolated by Hansen ^ from an impure brewery 
yeast which came from Bavaria. The cells of this yeast resemble 
those of Torula discovered by Hansen. They are small cells, gen- 
erally oval, often sausage shaped. In the beginning of fermentation, 
this yeast forms a dull gray scum which resembles very much that of 
Manilla Candida. Among the cells in the scum are found many air 
bubbles. The temperature limits for budding on beer wort are 
0.5-1° C. and 37-38° C. At these limits of temperature no scum is 
formed. The yeast, then, develops as a sediment. 

Ascospores appear very easily at the end of a short time, as well 
as in the cells in the deposit. They are formed easily 
in most solid media in most favorable conditions of nutri- 
tion. The temperature limits for sporulation on plaster 
blocks are, according to Nielsen, 32-34° C. and 2.5-7.r)® 
C. The optimum is at 30° C. At this temperature the 
ascospores begin to form in 17-18 hours. 

The number of ascospores varies from 2 to 4 in (‘ach 
asc. They may be located in the asc in a diversifunl 
manner. Their diameter is about 2 to 3 /x. Thc^y pos- 
sess a characteristic shape absolut(4y analogous to those 
of Endomyces decipiens, Endoviyces fibuliger and A mn'dea 
rubescens. They are hemispluancal and shai)ed lik(i a 
hat. (Fig. 133.) The wall of the asc is broken easily. 
Germination of the ascospores is bi'ought about, in the 
following manner. The ascospore swells up during which 
the projecting collar may persist or disappear comi)l(^t(4y. Th(^ asco- 
spore produces, at different points on its surface, buds which multiply 
in their turn by budding. (Fig. 38.) This yc^ast ftTnunits bc^er wort 
rapidly. During the fermentation the liquid is stirnKl up becoming 
opalescent, and gives off a fruity odor. This sp('ci(^s h'rments dex- 
trose but not saccharose or maltose. Willia anomala has Ixhui found 
by Klocker and Schionning, Kozai and Saito in ^‘koji ” (‘mf)loy(‘d in 
the preparation of awamori, an alcoholic drink on t he island of Luchu. 

BIOLOGICAL VARIETIES OF WILLIA ANOMALA 

Since the discovery of this species, numerous vari(4i(‘s of th<^ type 
anomalous have been observed all of which have spe(*ial eharadtu'is- 

^ Hansen, E. C. Eecherches sur la physiologic (it morpho logics (i(*s al(‘ooli(iue8 
ferments. VIII. Sur la germination dcs spon^s (ihez los sacciharornycHiS. Coirip. 
Rend, du lab. de Carlsberg 3, 1891; 5, 1902. 


in the scum 



Fig. 133. — 
Ascs of Wil- 
lia anomala 
(after Han- 
sen). 
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tics, such as the si)ecial shape of their cells or the odor which they 
give off in sugar solutions. Zeidler has described it in the juice of the 
marsh mallow and Jorgensen in an English yeast. Beijerinck has 
descril)ed under the name of Saccharotnyces acetaethylicus a species 
producing ethyl (‘ther which seems to be a member of the Willia 
anomala group. The same author isolated a variety of Willia anomala 
which lie called MycodcTma pulvemlenta; these two species have been 
insufficiently divscrilied. Finally, Fischer 
and Breb(‘ck have encounkn’iHl another 
variety uiuh^r t he nanu^ of Jindiibladofkrnia 
whi(;h forms, lik(^ thci Willia anomala of 
Hansen, a white [lowdcay scum, Imt differs 
in th(^ nuJhod of formation of (‘iidogcaious 
germ. In c(‘.rtain cells it forms a sort of 
internal spore which is placcul w(Jl against 
(he wall of tlu^ (*,ell. This n^mains aihuJunl to tlu^, c(Jl lik(^ a bud after 
it has b(Hm r(J(^as(^d from it. EldcJvia* has shown that thc^se endogenous 
formations a.re diu'; to a-n optical illusion caused l)y budding and that 
Endobladodvrrna of Fischcn* and Brebeck does not difhn* from Willia 
anomala but may b(^, id(‘ntifi('.d with it. Other authors (Holm, 
Meissmn-, Will, Lindner) have found forms related to Willia 
arwniala, Bc^auvinie and L(‘sieure have isolated one from spu- 
tum in pulmonary tuberiailosis. Finally, Stcuber ^ has described a 
seri(\s of biologi(;al vari(‘ties of W. anomala which we shall describe 
liriefly. 

WILLIA ANOMALA I. Stcuber 


Fig. 1S4. — Willia anomala of 
Zei(ll(‘r on Wort Gelatin (after 
Lindner). 


Hyn.: bacciiakomycks anomalus i. Stcuber 

This varicdy is (diaractcnized by the aromatic odor produced by 
ethyl etluir in its cultunis. On Ix^er wort, it forms a scum at first 
foldcKl and ycdlow. The temperature limits for the formation of a 
scann are 5- 10® (I and 37®”“42® Cl The optimum is 30° C. Sporulation 
is accomplisluHl on plaster blocks and rarely in scums or giant colonies. 
The t(ani)(u*aturc limits for sporulation on plaster blocks are 5““12° C. 
and 30°-3r)° Cl Ascost)ores api)ear at the end of 13 to 14 hours at 
the optimum t(nnp(n*ature on plaster blocks. They rarely form in 
scums and giant colonies. The ascospores have the form of a hat. 
The giant colony is yellow in the center and white or shiny at the 
edge. Gelatin is liquefied. This variety ferments 10 per cent solu- 
tions of sa(icharose, dextrose and levulose. It does not act on mal- 
tose, lactose or d-galactose which it uses in its nutrition. In liquids 

^ Steuber, L. Beitriigc zur Keixtniss des Gruppe Saccharomyccs anomalus. 
Zcitsch. d. gcs. Brau. 23, 1900. 
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containing sugars wliicli it ferments, it forms ethyl ether and acetic 
acid, sometimes a little butyric acid. 

WILLIA ANOMALA n. Steuber 
Syn, SACCHAROMYCES ANOMALUS 11 . Stcuber 

This variety forms on beer wort a scum which is at first folded and " 
chalky but which later assumes a rose. tint. The temperature limits for 
the formation of a scum are 5 to 10® C. and 30^-35® C. The optimum 
is about 30® C. The formation of ascospores is easily accomplished on 
media in 44 hours. The temperature limits for sporulation on plaster 
blocks are 5®-15® and 30°~35® C. The ascospores are hat shaped. 
After a certain time the giant colonies are rose colored or reddisli 
brown. It liquefies gelatin. This variety inverts saccharose which it 
ferments slowly but completely. It produces only traces of alcohol 
in 10 per cent solutions of levulose. It has no action on other sugars. 
It does not form ether or fatty acid but traces of acetic and butyric 
acids. 


WILLIA ANOMALA HI. Hieul)er 
Syn.: saccharomyces anomalus in. Stcuilier 

This variety came from brown Munich beer. Th(^ scaim is white, 
later yellow. The temperature limits for its formation are 0. 

and 30-35® C. The optimum is 30® C. The temp(u-ature limit s of sporu- 
lation on plaster blocks are 5-15® C. and 30 -35® C. Tlu^ ascospores 
form in great numbers in giant colonies but never in scums. They 
are hat shaped. The giant colony is white, inx^gular and li(ju(4ieB 
gelatin. This variety gives only traces of alcohol in solutions of 10 
per cent levulose and does not ferment any otluu* sugar. It. produces 
neither ethyl ether nor fatty acids but, at the Ix^ginning, only traces 
of acetic acid and butyric acid which are event.ually oxidized. 


WILLIA ANOMALA IV. SteuiIxT 
Syn.: saccharomyces anomalus iv. Stcniber 

This variety has the same origin as tlui i)r(‘C(‘ding vari(dy. The 
scum is white and later yellow. Its temperature limits arc 5-15® C. 
and 35-41® C. The temperature limits for sporulation an? 15 20® (I 
and 30-35® C. The ascospores are hat-shapcid. The sporogcnic proj>- 
erty is lost on long cultivation while it is prc^sc^rvcxl in the prtXKHling 
variety. This is one method for distinguishing Ixd wecm tliem. The 
giant colony is at first white and later yellow and folded. It li(|uefies 
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gelatin. This vai-iety forma tracics of alcohol in solutions of 10 per 
cent levulose and acta on no otlua* sugar. From the point of view of 
acids and ether it acts like the preceding yeast. 

WILLIA BELGICA. Lindner 
Syn,: saccharomyces anomalus var, belgicus. Lindner ^ 

This yeast, closely related to Willia ariornala, was discovered by 
Lindner in Belgian beer. The cells are small with thin walls. This 
species produces ascospores which look like those of Willia anomala. 
It is distinguished from Willia anomala by the fact that it ferments 
not only dextrose but d-rnannose, d-galactose and levulose and that 
it does not produce an ether odor. It develops on beer wort in the 
form of a dotted scum. 

WILLIA WICHMANNI. Zikes^ 

Isolated from soil near Vienna this yeast has cells 3 to 5 /x rang- 
ing from () to 40 /X long in scums. It grows on agar from 5® C. to 42® C. 
The optimum is 22® C, Sporulation appears rapidly at 21® C. on plaster 
blocks, less actively at 18 to 28® C. The ascospores are hat shaped 
(2/x in diameter) and are to the number of 2, 3 or 4 per asc. This 
yeast grows on peptone gelatin in a white layer. On glucose agar, 
the colonies look like little droplets, whitish yellow in color. On 
potato, the yeast gives a grayish viscous growth. On slices of beet, 
it produces a yellow layer and abundant development with the for- 
mation of numerous ascospores. It causes a cloudy beer wort with 
the formation of a scum in 3 days. This yeast ferments dextrose and 
levulose but does not attack maltose, d-mannose, d-galactose, lactose, 
saccharose, raffinose, inuline or dextrine. It forms ethyl ether in 
fermentation. 

WILLIA ANOMALA. Saito 

This yeast forms a thick white scum on must, white and adher- 
ing a little to the walls of the container. The cells 
are round or oval and sometimes in chain formation. 

The giant colonies on gelatin are white and united. 

The temperature limits for scum formation are: 
maximum, 35® C. and minimum, 2-3® C. The spores 
are shaped like a hat with a projecting edge (2.7- Fig. 134:-A.— Ascsof 
3.6 /X in diameter). They are to the number of 4 arwmato, 

per asc. They form abundantly on plaster blocks 

^ Lindner, P. Mikroskopische Betriebskontrolle in den Garungswerben, 
Paul Parey, Berlin, 6th edition, 1909. 

* Zikes, H. Ueber anomalus-Hefe und eine neue Art derselben. Cent. Bakt. 
16, 1906. 
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but ill scums on lioor wort they appear v(ny rari^ly. Ttu^ tcaniKU’ature 
limits for sporulation arc 2-3° C. and 30° C. This yeast ferments 
dextrose, levulose, saccharose, mannose and raffinose. 




0 
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Fig. 135. — Willia 
Saturnus, Cells of 
Scum on Beer 
Wort after 24 
Hours at 25° C. 
(after Klocker). 


WILLIA SATXIRNUS. Klocker 
Syn,: saccharomyces saturnus. Klocker 

This yeast was found by Klocker ^ in a sample of earth from 
Himalaya. It has since been found in Italy and Dcmmark. It de- 
velops on must with a white wrinkled growth and a 
sediment. In a young scum, the cells are globular 
or oval in shape (4 to 6/x) (Fig. 135). Later they 
enlarge, become spherical and filled with globules of 
fat. At the same time the scum increases, great 
bubbles of carbon dioxide are formed and the color 
becomes yellow. If the culture is shaken tlu^ scum 
will fall to the bottom of the culture flask and a ring 
is formed around the culture flask. 

The temperature limits for budding on Ix^'r wort 
are 2 to 4° C. and 35° to 37° C. Tlui optimum is 
situated between 28 and 30° (1 The scum forms (‘asily on yeast, 
water to which pure saccharose is added. Malios(‘, dc^xtrose or 
levulose also serve well. : 

Sporulation is rapidly accomplished on plast(‘r blo(‘,ks. The tem- 
perature limits are 4 to 7° C. and 28° to 31.5° C. The optimum is lu^ar 
25° C. At this last temperature, the ascosporc^s api)ear at tlui (uid of 
43 hours. They also develop abundantly in the scum 
on yeast water and rice. They appear both in the 
ring in the side of the culture tube and in the scums 
of cultures on must and also in old cultures on gelatin. 

The shape of the ascospore is that of a lemon l)ut 
sometimes the points are less evident and indistiru't. 

The ascospore is always girdled with a projecting ring, 
which reminds one of the planet Saturn, indicating the origin of the 
name of this yeast. In the interior of the cells, there is a globule 
probably of fat. The length of the ascospore is about 3^t and the 
width 2fx. The ascs include generally two ascospores, sometimes three, 
rarely one, and exceptionally four. The germination of the ascospores 
operates by budding. Often it is preceded by a fusion of ascospores 
two by two which is accompanied by a nuclear fusion constituting a 
true copulation (parthenogamy) (Fig. 39). 

1 Klocker, A. Une espdee nouvelle de la farnillo Sacchar. (S. saturnus). 
Comp. Rend, des trav. lab. de Carlsberg, 6, 1903. 






Fig. 136. — Ah(^ 8 
of W, ^^aturmis 
(after Kk'kiker) . 
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On gelatin inust., Willid mtnrnus forms white or pale yellow 
colonies, the surfaces of which are wrinkled or folded. Their form re- 
sembles a crat(‘r. llie ex^lls in the colonies have a spherical form con- 
taining numerous drops of fat. (}elatin is liquefied slowly. On a 
nixed g(^latin and peptone bouillon, the cells are small and often a 
bit (‘longated. The appcuirance of the colony is much like that on 
Tclatin must, 

Willia satiirnm inverts saccharose. It ferments dextrose, raf- 
finos(^ lcvulos(% but has no action on maltose, lactose or arabinose. 
In be(T wort-, it provokes a slow fermentation. It gives off an odor 
of (^thyl eth(w. Alcohol disappears after a time in cultures, probably 
being oxidized. 

Hartoiy has found in the juice on banana leaves a yeast which is 
much like Willia mturnus and which may be a variety of it. In 
l)(H'r wort, the cells in the sediment are oval (T-S X 4.5/x). The 
optimum tt'inpc^rature for l)udding on carrot is situated between 32 
and 34® (1; the maximum is between 41® C. and 42® C. The yeast 
forms a scum aftc^r 3() hours in glycc^rol bouillon at 15-18® C., after 
2 days at 20 22® (\, and afh^r 3 days at 38-39® C. None is formed 
highen’ t han t his. Tlu'. scum consists of cells like those in the sediment, 
but when tiny bc'come old t-hey are spring shaped or like a pseudo- 
mycelium. On b(M‘r wort g(4atin, the yeast forms a dull, white round 
colony wit-h a banana-lik(^ odor. 

Sporulation is accomplish(Hi on plaster block only on condition 
t.hat th(' ycnist be asso(iiated with the bacteria with which it is found 
ami from which it is sei)arated with great difficulty. The tempera- 
tun^ limits for sfX)rulation are a little below 8® and from 22-30® C. 
Tht' optimum is situat(Hl between 15 and 18® C. The ascs (8-9 /x in 
diam(4(^r) hav(‘, one to four ascospores (2-3 /x) similar in shape to those 
of Willia saturnusj which germinate by ordinary budding. The yeast 
se(a’et(^s inve^rtase; and produces alcoholic fermentation. 

Fifth Group 

Budding yeasts with uncertain affinities. Fusiform ascospores in 
th(^ form of a needle. 

Genus XIII. Monospora. Metschnikoff ^ 

Single ascospore in the form of a needle, germinating laterally in 
a digitiform prolongation which buds into dissociated oval bodies. 
This genus is represented by only Monospora cuspidata. 

^ Metschnikoff, E. Ueber eine Sprosspilzarankheit der Daphnien. Beitrag 
zur Lehrc uber den Krampf der Fhagocyten gegen Krankheitserreger. Virchow's 
Archives, 9(>, 1884. 
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MONOSPORA CUSPIDATA. Metschnikoff 

This yeast was found by Metschnikoff in 1884, in the general 

cavity of the Daphnia. It possesses cells 
which are oval and which elongate to 
form the asc. Each asc includes a single 
ascospore, very thin and elongated in the 
form of a needle. It germinates by bud- 
ding on a side with the formation of oval 
cells. (Fig. 137.) The ascospores swal- 
lowed by the Daphnia reach the intestine 
and finally the general cavity. Here they 
bud quickly and cause the death of the 
animal. Metschnikoff, on account of 
Fig. 137. ~ Monospora cuspidata. the transparency of this organism, has 

1-7, Vegetative Cells as a Means of been able tO folloW all the StCpS ill the 
Budding. 8--10, Formation of the Asc. 

n, Gennin^ion of the ascospore (after prOCCSS of phagOCytOSlS taking plaCC With 

^ ^ the cells derived from the ascosporc's. 

Genus XIV. Nematospora. Peglion ^ 

Ascospores spindle-shaped with a long cilium at one of the ex- 
tremities. Germination is accomplished by budding at both ends. 
Many ascospores in each asc. Up 
to the present only two species are 
known. 

NEMATOSPORA CORYLI. Peglion 

This very curious yeast was dis- 
covered by Peglion in Italy in 1901 0 Si 

in moldy hazel nut. meats. It de- || ® '' o 
velops quickly in beef bouillon where 
it multiplies by budding and pro- 
duces ascs. The cells are very elon- 
gated and possess a double wall (Fig. 

138, 8 and 13). In old cultures, Vig. m. Ncmalonpora coryli. 

they become round or oval. Bud- i, AHConporo after DiHappearaucc of riliuni. 

T . . T T 1 1 , ,1 2 to 0, Germination of Ancoapore; 7 to S, 

ding IS always accomplished at the Ahch; 9 to la, Vegetativt* C(‘11 h in Proc(‘Ha of 
^ • .1 i /• 7 -v ,• Budding; 14 to l<h Abnormal Fornw; 17 to 

poles as in the yeasts of Deiuatium. is, stained Aacoapon'H with NucIcuh ami 

mi 111 * 1 Cilium (after P(^glion). 

Ihe ascs develop plain on agar and 

especially on slices of beet. They are very large (65“70 p long and 
6~8 p wide). They possess 8 ascospores placed in groups of four in 

1 Peglion, V. Ueber die Nematospora Coryli. Notiz, Rendie della Roy, 
Ac. dei Linei, 1897, Cent. Bakt. 7, 1901. 
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half of the (‘(‘11. (Eig;. 138, 7 aud 8.) Th(^ ascospores are very 
: th(\y hav(^ the shtipe of a spindle (2 to 3jLt wide and 38 to 40 jU 
) and are (xpiipped with a long (dlium at one end. During ger- 
ition the ciliurn disa{)p(‘ars and the ascospore takes the appear- 
of a short c(41 which may produce buds at both extremities, 
yeast v(‘getates only on a solid medium. In liquid media, it 
s budding and develops only a sterile mycelium. To this fifth 
{) of y(‘asts s(‘ems to b(‘long a species found by Btitschli in a 
latode Tylenchm pelliicidm. 

NEMATOSPORA LYCOPERSICI. Schneider ^ 

k‘hn(‘idc‘r has ivamWy d(‘scrib(‘d a y(^ast isolated from tomatoes 
r(‘d from a iTst.aurant in B(‘rk(4ey, (California. The proprietor 
‘d t hat th(‘ tomato(‘s (^am(^ 

1 th(‘ South S(‘a islands, 
tomato apiHMir(Ml to be 
mil exc(‘pt for th(‘ foci of 
‘tion which w(‘re d(‘pr{‘ss(‘d 
rcnldish brown in color, 
u‘id(‘r chara(^teri%(‘S this 
\i as follows: 

“Asci of ganudic origin 
i iK'coming fn^e from as- 
it(‘d C(‘11 h, c.ylindri<‘,al with 
id(‘d (‘nds, fiO to 70 fx in 
;th; ast'ospores in two 
ipB of four spor(‘s (‘ach, 

-(U‘ll(‘d, slcuider, with 
it(‘d {‘nds, slightly ridgcnl 
transvers{‘ septum; 50 X 
IX ; ascosporc'B lib(»rat(‘d by 
olution of the ascus wall 
h(dd together somewhat Fij?. 1S8-A. — NmaioaporaLycopersici. Show- 
„t 4 b, .nolicml™ KS&O* 
ellae; flagcdlae 50 to lOOjLt 

mgth; arthrospores of non-gennetic origin, spherical to ampulliform, 
i in diametcT. Two other c(41 forms also found: (l) much elon- 
k 1 filamentous c(‘lls; (2) (dliptical or ovoid cells, gametic in func- 
i, new cells formed in bipolar direction by apical budding and also 

‘ Schneider, A. A paraBiti(; Rac(‘haromyc(ite of the tomato. Phytopathology 
916) 3f)5 Further note on a parasitic saccharomycete of the tomato, 
topathology, 7 (1917) 52-53. 
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by apico-lateral budding at cell unions. The ellip- 
tical and ovoid cells alone are gametic in func- 
tion.'^ Apparently this yeast is a parasite on tlu^ 
ripe fruit of Lycopersicuni esculentuni. 

Genus XV. Coccidiascus. Ghatton 

Budding cells, ascs seem to 1)0 derivcul from 
an isogamic copulation with eight ascospores. 

B 

Fig. 138-B.-Arthro- COCCIDIASCUS LEGERI. ChattoiG 

This yeast was observed in a Muscndc^ I)ro,so- 
P&rsici. phila funebris. The yeast infects th(^ cdh of tlu^ 

vegetatilTc^^^^^ middle intcstino and lives in th(^ vacaiok's of tlu^ 
J5, (after Schneider). which it multiplies by Ordinary budding 

and also by ascs. Budding consti- 
tutes the intracellular multiplication 
while ascs are the external agents of 
propagation. The parasite possesses 
the form of a yeast and never pro- 
duces a mycelium. Formation of 
ascs seems to be preceded by an 
isogamic copulation. The ascs have 
the shape of bananas. They contain Fig- 138~C. — Cocddidscus Legeri. 

8 ascospores, the special shape of 

which makes this yeast rcscml)le “’"i’""'” t imtton). 

Monospora cuspidata and Nematospora coryli. 




^ Chatton. Coccidiascus Legeri. nov. gen. n. sp. Levure asf^ospore parasite 
de cellule intestinale de Drosophila funebris. Gornp. Rend. Soc. Biol. 75, 1913. 



CHAPTER XI 

THE NON-SACCHAROMYCETES OR DOUBTFUL YEASTS 

T his is a provisional ^roiip in which one may place all yeasts 
which do not form ascospores and whose places in classifica- 
tion are uncertain. 

Genus Torula. Turpin 

Under the name Torula, ^ Hansen has grouped a large number of 
asporogenic species oftcai capable of fermenting sugars, among which 
ar(^ some whicli do not form a scum and others which form a ring around 
th(^ (‘ulturc^ flask or scum without the interposition of air, analogous 
to those which are produced by the Saccharomycetes of the third 
group. Th(^, greater numlxa- of the Torulae possess regular spherical 
c(‘lls and contain a globuh^ of fat which gives them a special charac- 
t(‘risti(\ ^Phey may, tlu'n, be regarded as asporogenic Torulaspora, 
But. some* ar(^ oval or (^longabxl and offer the appearance of ordinary 
yc^asts. A (certain niimlxa* of them form a red, black or brown pig- 
m(‘nt. Th(^ formation of tluw pigments seems to depend, at times, 
on the preseiKx^ of silv(‘r in the medium. Idght sometimes represses 
th(* production of pigirumts. The investigations of Chapman seem to 
Indicate that th(‘. coloring matter in red torula is due to some other 
substaTUX^ along with carrotene. The Torula are very widespread in 
natures They arc^ encountered in the soil, breweries, insects, milk, 
in secretions of tixx's, c^tc. 

A. TORUIjA FliOM BREWERIES AND OTIIER SOURCES 

HANSEN'S TORULA 

Hansen ^ has descril)ed a number of Torula which we shall now 
consider. 

Torula No. 1. It appears in beer wort as isolated cells or as 
colonies formcxl by a small number of cells. The cells are 1.5 to 4.5 /x 
in diameter and often have a large vacuole with a large refractive 
body. This yeast forms a small amount of alcohol in beer wort and 
does not secrete invertasc. 

1 This name leads to confusion for it is also applied to the Mucedinaceae, 
very diff(^rent from the yeasts (genus Torula of Persoon); in spite of this the 
name is commonly used. 

2 Hanst^n, K. C. Sur les Torula de M. Pasteur. Comp. Kend. des trav. 
du lab. de Carlsberg, 2, 1888. 
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Torula No. 2. This yeast (hff(M*s from (he [)r(.H^e(Iin^ by its larger 
cells, from 3 to 8 m in diameter, and gran\ilar proioplasm. 

Torula No. 3. Morphologi(^a.lly similar to the pn^- 
ceding yeast, this yeast prodiu^es 7 to 8 per (umt of 
alcohol by volume in beer wort. It forms a foam tmd 
Fig. 13 9. ~ sets free much carbon dioxide. No invert ase is pro- 



Torula 6 of 


duced. 


Torula No. 4. It possesses cells from 2 to () jjl in 



Hansen. 

Growth of 

Sed^yenfc^in diameter. It inverts saccharose and gives a little more 
Beer Wort than 1 per cent of alcohol by volume in b(»er wort with 
Day at ^5° formation of much foam. It 
C. (after does not ferment maltose. 

Hansen). Torula No. 5. This yeast 

resembles Torula No. 1 in the shape and dimen- 
sions of its cells. It forms a homogeneous dull 
gray scum on beer wort at the temperature of 
the laboratory and in other liquids containing 
10 per cent of alcohol. In solutions of sac- 
charose, it forms a thin scum. It inverts sa(‘- 
charose but produces only traces of alcohol in sugar solutions. 

Torula No, 6. It possesses spherical or oval cc^lls. Tlu' limits of 
temperature for budding are 4-6° Cl and 36-37° C, (Fig. 139.) This 

species causes an apparent ferm('ntation 
in beer wort and yields 1.3 pen- oxnii of 
alcohol. It produces no fenrKuitation in 
maltose solutions. It inverts sacuduirose 
and forms 5.1 to 6.2 per cent of akiohol 
by volume in yeast water with added 
sugars at 25° C. after 15 days; aft(‘r two 
• Torula 7 of Hansen ^lonths, seven per cent of alcjohol is 


Fig. UO. — Tonda 7 of 
Hanson. (Jrowih of 
(Vlls in S{‘(lirn(‘nt in 
B(‘(t Wort aft(T Oiu^ 
Day at. 25® ('. (aftcT 
I lanson) . 





Fig. 141.” 

on Scuin at the End of 10 formed. In solutions of dextrose, it pro- 
sen). duces 6.6 to 8.5 per cent of alcohol by 

volume. 


Torula No. 7. Found in the soil under vines, this species is 
made up of ordinary oval cells larger than those in the preceding 
yeast. (Fig. 140.) The oval cells arc irregularly fonned. (Fig. 141.) 
The temperature limits for budding are 0.5 and 38-39° C. This species 
produces 1 per cent of alcohol by volume in beer wort. It does not 
ferment maltose or invert saccharose. In yeast water with dex- 
trose added (10 or 15 per cent) it yields at the end of 15 days, 4.5 per 
cent of alcohol by volume. After 28 days, it produces 4.8 to 5.3 per 
cent of alcohol. Hansen thinks that this specic^s like the preceding 
participates in the fermentation of wine and cider. 
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WILL’S TORULA 

Will ^ has isolatxHl from the cooling apparatus and from the air in 
breweries, etc., seventeen forms of Toi'ula as follows: 

WiWs Torula No. 1. This species produces a thin, white, dull 
scum and a very evident ring. It forms a very evident deposit at 
the bottom of the culture flask. The scum and ring appear at the 
end of the third day. Thc^ thermal death point of this yeast in beer 
wort and water is 65° ( The cells are very small, circular in shape 
like the typical Torula. A few (elongated and sausage-shaped cells 
may also ho. found. 

WiWfi Torula No. 2. Tlu^ scum and ring look like those 
in Will’s Torula No. 1. Tlu'. (U‘lls are oval and sometimes very elon- 
gat('d in t.lu^ form of a sausag(\ This species perishc^s at 60° C. in must 
and wat(‘r. 

WilVs Torula No,h. 5 and 4. Theses species form a very thick 
folded scum, of a whitish y(41()w color, and also a well-developed 
ring. At. the bottom of the (uilt.ure flask there is an abundant sedi- 
ment. Th(^ Bcnim dev(‘lops rapidly and covers the surface of the cul- 
ture three days aftc^r inoculation. The cells arc shaped like the typical 
Torula. Th(\se two specic^s are almost identical. They are distin- 
gui8hal)le only l)y tiu^ degren^ of changes in culture media. Both are 
killed at (>0° (’. in must and water. 

WiWs Torula No. 5. This species is most often round or oval. 
It yi(4ds a vc^ry thin scum of small islands and a slight ring. The 
sedinuuit. is mucous and well developed. Under certain conditions 
this yeast gives on b(H‘r wort a flowing appearance. The cells are 
kill(‘d at 65° (\ in must and water. 

Will\s Torula No. 7. Thc^ cells arc spherical with a spongy in- 
terior and a Yory dist(mded membrane. An abundant deposit is 
fornuxl at the l)ottom of th(i culture flask and on the surface a very 
mucous scum. In cultures which are a little old, it forms a thick mu- 
cous scHlinuuit filling the entire volume of wort which is changed into 
a compact mass. The thermal death point is around 60° C. in wort 
and water. 

WiWs Torula No. 8. The cells are large, oval and often elon- 
gated. A well-developed ring is produced, a feeble scum and a mucous 
irregularly developed sediment at the bottom of the culture flask. 
The thermal death point in beer wort and water is 60° C. 

Will\s Torula No. 9. The cells are very small and oval with 
some elongated to the shape of a sausage. A feeble ring is formed, 

1 Will, H. Beitrage mv Keimtniss der Sprosspilze ohne Sporenbildung. 
Zeit. f. d. (Jcs. Brauw. 26, 1903; 19, 1907; Cent. Bakt. 17, 1907; 21, 1908. 
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a well-developed scum, forming small islands, and an abundant de- 
posit. The thermal death point is 65° C. in bec^r wort and watcn*. 

WilVs Torula No. 10. The cells of this spe(‘-ics are similar to 
those of No. 9. A powerful ring is formed, a well-d(weloped scum 
and a rich sediment. The thermal death point is about 60° (h 

WilVs Torula No. 11, The cells are small, sidunucal and oval. A 
ring is produced with a folded scum of a white color. At th(^ md of 3 
days, the surface of the culture fluid is covered with this scum and 
at the bottom of the flask there is an abundant, sculinumt. This 
yeast succumbs at 65° C. in must and wat-cn*. 

WilVs Torula No. 12. This yeast is comp()S(‘d of (^longatcnl, or 
fusiform cells closely resembling those of Mycoderma. Th(u*(^ an^ also 
present a few rounded and oval cells. A si^rong scum much fokk^l 
of a light yellow or brown color is produc(‘(l. It may be(‘.om(‘ a pale 
red after three months. This vscum resembk'S that, of M ycodernia v(uy 
much. It appears soon as lit.tle floating islands which look lik(‘ 
fat globules. The thermal death point in beer wort, and in water is 
60° C. 

WilVs Torula No. 15. The cells hav(^ ditlen'nt. shap(‘s, most 
often elongated, oval or shaped like a sausages. Thc^ s(aim is wi^ll d(‘- 
veloped, very much folded and r(^seml)k^s that of Mycoderma. It. has 
a white, slightly yellow, color. It begins to app(MU* at the end of three 
days. The cells succumb at 65° G. in must, and in watca*. 

WilVs Torula No. 16. It is made up of si)h(n*i(!al or oval (^ells 
mixed with long cells. The scum is well dev(h)ped, (*.ompa(‘t. and of a 
yellowish white color. A mediocre amount of s(Hliment. is fornuHl. 
The scum appears on the third day. The thermal (k^atli j)oint. in 
must and water is 60° C. 

WilVs Torula No. 17. The cells are small, (piite round and pos- 
sess the typical Torula shape. The scum is moderatc'ly d(W('k)p(Hl, 
compact and white. The thermal death point in must and watcu’ is 
60° C. 

The greater number of these Torula an^ not distinct. speci(‘s. 
More often they are of simple varieties or diffcaxait racu^s. All grow 
at low temperatures on beer wort. The minimum tcunperature for 
budding is 5~6° C. The optimum temperatuni is 30 - 35° ( ^ Almost 
all of them impart to beer wort an agreeable fruity odor. Hpecies 
Nos. 7 and 8, however, .produce a disagreeable odor. 

Will 1 has recently described a number of other speci(^s found in 
and about breweries. They have been characterized as follows: 

^ Will, H. Beitrage zur Kenntniss der Sprosspilze ohne Sporoiibildung welche 
in Brauereibetrieben und in deren Umgebung vorkommen. Cent. Bakt. Abt. 2, 
46 , 1916 . 
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Tor ala Nos. 3 and 4. (k‘lLs spherical (3-4 ju). The giant colonies 
are thick with a flat, edg(^ which is sinuous. It ferments dextrose, 
levulose, galactose and raffinose. A scum is formed on liquid media, 
dry and white at first, later changing to a brownish yellow. The tem- 
perature limits for growth on wort are 0.5 and 33° C. It was found in 
the air about brewcnic^s. 

Torula No. 11. The c(ills are spherical or ellipsoidal (3-4 /x). 
A scum is formed in liciuid media which is dry and folded. It is of a 
gray color. The giant colony exists in the form of a flat layer with 
a unitcHl edge. It fermemts dextrose, levulose, galactose and sac- 
charose'. The temperature limits for growth on beer wort are 0.5 
and 33° C. It was isolatx'd from wort. 

Torula No. 17. The ce'lls are siflierical and sometimes ellipsoidal. 
(About 3ju in diameter.) A thin dry scum is formed in liquid media 
of a flat whit(^ or yc'llow color; it is slightly folded and grips the sides 
of the culture' flask. Th(‘, giant colonies arc round. It ferments dex- 
trose, levuloHt', galactose, saccharose, lactose and raffinose. It was 
isolated from brewing waUa-. 

Torula No. (). The c('lls are spherical, sometimes ellipsoidal. They 
develop in licluid mc'dia, especially in the form of a sediment. A very 
thin scum appc'ars (prickly. The giant colonies are like those of 
Torula No., 2. It fenmemts dextrose, levulose, galactose, saccharose 
and maltose'. Thc^ temperature limits for growth on beer wort are 0.5 
and 30° C. 

Torula No. 5, Tlu^ cells are spherical, ellipsoidal or elongated. 
A scum and ring are formed on liquid media. The scum is colorless, 
moist and thin. Dextrose, levulose, saccharose, galactose, maltose 
and raffiiiose an^ fermentcHl. The temperature limits for growth are 
0.5 and 35° C. It was isolatcKl from wort. 

Torula No. 7. The cells are spherical and at the beginning 
develop at the l)ottom of the liquid. A ring and a scum are finally 
formed. The ring is solidly adherent and of a gelatinous consistency. 
The scum is well developed, mucous and, at first, uncolored. The 
giant colony is a reddish brown at first, finally a brown. It ferments 
dextrose, levulose, galactose, saccharose, maltose, lactose, raffinose 
and arabinose. The temperature limits are 2° C. and 30° C. It was 
isolated from the air. 

Torula No. 8. The cells are spherical or ellipsoidal, slightly 
pointed. They become elongated at low temperatures and may reach 
5/i. In liquid cultures there is feeble development as a sediment 
but a scum and a mucilaginous ring are formed. The giant colonies 
a,re a deep brown. It ferments dextrose, levulose, galactose, maltose, 
lactose, raffinose and arabinose. The temperature limits are 0.5 and 
i5° C. 
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Torula No. 9. The cells are ellipsoidal; sometiines in the shape 
of lemons. There is a ring formed but no scum. The giant colonies 
are flat and transparent. It ferments dextrose, levulosC; galactose, 
maltose, lactose, raffinose and arabinose. The temperature limits 
are 0.5 and 40°. It was isolated from brewing water. 

Torula No. 1. The cells are spherical or ellipsoidal. On liquids 
the development is rapid with a superficial vegetation, at first in the 
form of a ring, and later in a flat and white scum. It ferments d(^x- 
trose, levulose, saccharose, maltose, lactose, raffinose and arabinose. 
The temperature limits are 2° and 40° C. It was isolated from l)r('w- 
ing water. 

Torula No. 2. The shape and size of the cells of this yeast are 
variable, in general, spherical or ellipsoidal. There are many giant 
cells in the cultures. On liquid media it develops like tlie fonruT 
yeast. The giant colonies have a sort of crater in their cent-ers and a 
thin marginal part. It ferments dextrose, levulose, galact()S(% sac- 
charose, maltose, raffinose and arabinose. The temp(n*at.ure limits 
are 0.5 and 39° C. 

Torula No. 10. The cells are ellipsoidal or (‘longated. On licjuid 
media, the development is slow in the beginning with a si‘(lim(‘ntal 
growth but finally a white or rose scum is form(‘(l. (k^latin is rapidly 
liquefied. The yeast ferments dextrose, levulose, galactose', sacn^liarose, 
maltose, lactose and arabinose. The temperatun' limits luv 2° O. and 
35° C. 

Torula No. 15. The cells are spherical or (‘llipsoidal. It dc'velops 
slowly on liquid media with a superficial vege'tation. Tlu' scuim is 
dull white in the beginning, then yellow. It feu-mc'nts dc'xt rose', Ic'vulost', 
galactose, saccharose, maltose, lactose', raffine)se‘ and ai*abinose'. The 
temperature limits are 0.5 and 35° C. 

Torula No. 16. The cedis arc splu'.rieial and se)nH'time‘s (dlipse)ielal. 
They grow rapidly on lieiuid mexlia. A yedlowish l)rown scum is 
formed. It ferments dextrose, le'vulose, galactx)se, saeaLarose', malt- 
ose, lactose, raffinose and arabinose. The te'nqx'rature' linuts are 
0.5° C. and 30° C. 

Torula No. 12. The cells have a very variable' appexxrance. They 
are either round or ellipsoidal and small. It de‘vele)ps on liejuiel me'elia, 
almost always in the form of a scum, at first white', lat e'r bc'ce^ming yed- 
low. The giant colonies are reddish in their centers and white' arouiul 
the periphery. It ferments dextrose and levule)8e actively anel malt- 
ose, galactose and saccharose feebly. The temperature limits are 2° 
anei 35° C. 
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TORULA OF LINDNER AND MEISSNER 

Lindner ^ has described two Torula in detail from the collection at 
Berlin. They are Torula Nos. 63 and 64. Their cells often reach the 
size of beer yeast and present a very granular protoplasm. The first 
of these two species forms a cartilaginous scum on beer wort, difficult 
to crush under the cover slip with a moist and transparent appear- 
ance. On wort gelatin in streaks, it produces a mucous deposit, 
sometimes cartilaginous. Under the same conditions, the second 
variety produces a mucous sediment. The cells of both species rarely 
contain fat globules and possess a thick membrane, the exterior mem- 
brane of which shows a t(^ndency to detach itself. Eleven forms of 
Torula have been isolated by Meissner.^ They cause a defect in wine 
in which it becomes thick and greasy. 

TORULA NOVAE CARLSBERGIAE. Gronlund^ 

This species has cells of various shapes and gives a disagreeable 
taste to beer wort. According to Schjerning, it inverts saccharose 
and sets up an alcoholic fermentation in solutions of saccharose, dex- 
trose and maltose. In beer wort, it is able to reproduce about 4.7 
per cent of alcohol by volume. 


TORULA BRETTANOMYCES. Clausen 

Under this name, Clausen^ described a special group of Torula 
which produced a secondary fermentation in English beers. It differs 
from other Torula in that, if a preliminary fermentation is carried on 
by Saccharomyces, it will multiply and ferment the remaining sugar. 
It forms acids which combine with the alcohols to form aromatic 
substances giving the beer a special flavor and aroma. Schionning® 
has studied this group. The Torula which make up this group fer- 
ment maltose actively. In beer wort with about 10 per cent saccha- 
rose, they form about 10 per cent of alcohol by volume but the fer- 

1 Lindner, P. See reference for Willia belgica. 

* Meissner, R. Studien tiber das Zahnwerden von Most u. Wein. Landw. 
Jahrb. 27, 1898. 

® Gronlund, Ch. En ny Torula- Art og to nye Saccharomyces Arter. Vi- 
densk. medd. fra den Natur. Foren. Copenhagen, 1892. 

^ Clausen, H. Occurrence of Brettanomyces in American Lagerbeer. Amer. 
Brewing Rev. 19, 1905. 

® Schidnning, H. On Torula in English Beer Manufacture. Comp. Rend, 
trav. lab. de Carlsberg^ 7, 1908. 
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mentation is accomplished slowly and only ends aft('r (‘i^ht months 
at 20° C. They ferment sucrose without giving products which rcnluce 
Fehling's solution, although an inversion of the saccharose is brought 
about. According to Schionning, these types may be distinguished 
in these ways. Torula A may be distinguished from Tonila B by its 
action towards sugars and also by the temperature limits for l)udding. 

Torula A. The cells are ellipsoidal. while some are sausage shapcnl 
or in the form of a mycelium. Others present odd, irrc^gulur shapes. 
The size of the cells is variable. Giant cells are found with a v(Ty 
refractive protoplasm, showing vacuoles scarcely visible in which a 
mobile granule is often found. The temperature limits for budding 
are 5-7° C. and 40-40.5° G. The races of type A produce, in old liquid 
cultures, a loose scum in which the cells are filanuaitous, n^sembling a 
mycelium. It ferments dextrose, levulose, saccharoses and maltose 
(saccharose more actively and maltose less actively than type B). 
It has no action on lactose and dextrine. 

Torula B. The cells resemble somewhat those of Torula A . They 
are often sausage shaped. Long mycelial structures are found among 
them. The temperature limits for budding are 3 4° C, and 39 39.5° ('. 
In old liquid cultures, the races of type B form a scum identical with 
that of Torula A, They ferment saccharose, maltose, dextrose, levu- 
lose and lactose but do not act on dextrose. 

BEIJERINCK’S TORULA 

Beijerinck ^ has isolated three yeasts which do not sporulate and 
which ought to be classed among the Torula. They are: 

Saccharomyces Jragrans, Beijerinck. According to Beijerinck, this 
yeast is a contamination in compressed yeast. It has l)een insuffi- 
ciently described. 

Saccharomyces mudparuSj Beijerinck. Related to the preceding 
species, this is also incompletely known. It is characterized l)y a 
very evident polymorphism. In old cultures, it presents filamentous 
and yeast forms. 

Saccharomyces curvatus, Beijerinck. This yeast was isolated by 
Beijerinck from an impure culture of S. rnuciparus. It seems to 
correspond to the cheesy yeast described by Pasteur. The shape is 
much like that of Saccharomyces Pastorianus. It is curved, however, 
whence the name S. curvatus. This yeast has the characteristic, as 
Pasteur found, of not being broken up in water. It settles to the 
bottom of the culture flask as a curd leaving the supernatant liquid 

1 Beijerinck, M. W. Die Erscheinung des Flokenbildung oder Agglutination 
bei Alkoholhefen. Cent. Bakt. 20, 1908. 
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almost clear. According to Beijerinck, this yeast seems to possess 
the ability of agglutinating itself. 


TORULA COLLICULOSA. Hartmann 

This species was isolated from a sample of yeasts secured from 
Java by Hartmann.^ It was associated with Mucor amylomyces. It 
presents the appearance of ordinary Torula. Its cells are spherical 
and contain a fat globule. Its ordinary dimensions are 3.5 ju but 
they may vary between 1.7 and 9.7 ju. Budding is accomplished on 
all sides of the cell. Frequently two or three buds appear simul- 
tanc^ously. The cells are often united in chains of two or three, the 
mother cell being much larger than the daughter cell. The optimum 
temp(Tatur(^ for budding on wort agar is situated between 25® C. and 
30® C Budding stops at 7° ( /. and 45® Cl 

The giant colonies obtained on beer wort agar have a character- 
istic aspect. They form a prominent wart. On beer wort gelatin, 
the (‘olonies develop well and liquefy the gelatin after eight weeks, 
(liltivated in beer wort at 25® to 30® C., Torula colliculosa produce, 
at the end of 24 hours, a powdery white sediment. After 40 hours the 
liquid clarifies itself. Depending on their age, the cells act differently 
on maltose. The oldest cells are able to ferment this sugar while the 
young ones have no action. This species ferments dextrose, raffinose 
and saccharose. 


SACCHAROMYCES SPEC. Saito 

Isolated from koji ” by Saito, ^ this yeast forms on decoction of 
“ koji or on beer wort globular or oval cells, without color, about 
4 to 7 /X in diameter. The cells are usually isolated and show one 
or many vacuoles and a finely granular protoplasm. In old cultures 
they often take the form of a sausage. On gelatin plates, the colonies 
first appear as little round points, later changing to a white mass in 
the shape of a dome with an uneven surface. On the surface, they 
appear as numerous spots made up of elliptical cells. This species 
seems to be related to Saccharomyces awamori. It ferments dextrose, 
levulose, d-galactose, saccharose, maltose, melibiose, raffinose and a- 
methylglucoside. It has no action on inuline or lactose. In wort 
after 20 days, it produces 5.99 per cent of alcohol by volume. 

^ Hartmann, M. Fine rassespaltige Torula- Art welohe niir zeitweise Maltos 
J 5 U vergaren vermag. Wochenschr. f. Brau. 20, 1903. 

2 Saito, K. Notes on Formosan fermentation organisms. The Botanical 
Magazine, 15, Nos. 21 and 52, 1902. 
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SACCHAROMYCES AWAMORI. Inui 

This species was found by Inui ^ who isolated it from foamy wine 
of the Japanese called awamori. It produces on gelatin an irregular 
colony. It is able to stand three hours' exposure at 50° (I It de- 
velops in liquids containing 8 per cent of alcohol but gi’owth is stopped 
by 20 per cent. In beer wort, it endures 6 per cent of alcohol. 

DE KRUYFF'S TORULA 

De Kruyff ^ isolated, from the soil and living and dead leavers in 
Java along with Zyg. javanicus, seven species of yeasts undcu' the name 
of Saccharomyces javanicus 1-7. These are ellipsoidal or round yeasts 
all of which, with the exception of onc', fernuait sac-(Jiaros(\ d('xtrose 
and maltose. As no sporulation has been described for them they may 
be regarded as Torula. 

TORULA OF PEARCE AND BARKER 

Pearce and Barker ^ have isolated a series of l\)rula from cider in 
England. 

Yeast C. This is a yeast with small, spherical or oval (!(dls 
(4.5 X 3.7 /x). The maximum temperature for Inidding is 37” 37.5° d. 
On gelatin plates, it forms damp, transparent, round colonies. On 
streaks, it gives a moist vegetation with indented rugose (‘dgc'S. 

Yeast D. The cells of. this yeast are generally oval (4.5 X 3.7 /x), 
sometimes elongated and shaped like a sausage. The maximum tem- 
perature for budding is 32° C. The cultures on gelatin platens are 
round and dry with a tendency to flatten onto the geJat-in. The 
edges are irregular and festooned. On streaks the growth l)(KX)m(^s 
slightly fringed at the edges. This species forms a s(!um on all sugar 
media but does not cause a fermentation. 

Yeast E. The cells are oval shaped (11.9 ().8 X 3.4 /x). The 
maximum temperature for budding is situatc^l lu^ar 38° d. lliis 
species forms a well-developed scum on solutions of maltos(\ It 
does not produce fermentation. 

1 Inui, T. Untersuchungen iiber die niederen Organisinen wekdie bei 
der Zubereitung des alkoholischen (letriinks Awamori Ixd.eiligen. Jour, of the 
College of Sciences. Univ. Tokyo. 15, 1901. 

“ De Kruyff, E. Untersuchungen uber auf Java (‘inheimis(*he Ihihmarten, 
Cent. Bakt. 21, 1908. 

3 Pearce, B., and Barker, P. The yeast flora of bottled ciders. The Journal 
of Agricultural Science, 3, 1908. 
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Yeast J. The cells of this yeast are oval and spherical (8.5- 
6.8 X 3.4 /x). The maximum temperature for budding is situated 
between 30 and 32° O. Colonies on wort gelatin in plates are round, 
moist and partly transparent. On streaks, the growth is flat and 
spreading. This species ferments dextrose, levulose and saccharose. 

Yeast L. This species has small cells shaped like a sausage 
(12-6.8 X 2.7 m). The maximum temperature for budding is about 
38° C. (k)lonies on wort gelatin in plates are spherical with thin 
edges. On streak cultures vegetation is compact. This species fer- 
ments dextrose and maltose. 

Yeast M. The cells are oval (8-6.8 X 5 /x)- Sometimes they 
are sausage shaped. The maximum temperature for budding is situ- 
ated b(4w(^en 35 and 28° C. On wort gelatin in plates, the colonies 
are dry, spherical and with a solid appearance. Gelatin is liquefied 
after a certain time^ This species ferments dextrose, levulose, maltose 
and saccharose. 

SACCHAROMYCES BRASSICAE I. Wehmer 

Isolated by Wehmer,^ from fermentation of sourkraut, this species 
presents spherical or elongated cells closely resembling those of S. 
emmsiae hut smaller (4 -6 X 5 m)- The development on agar and 
gelatin with a decoction of kraut, in stab and streak, gives firm, 
grayish white, slightly raised colonies. The sediment in a fermenting 
liquid forms a grayish white mass from which escape bubbles of gas. 
This yeast produces an active fermentation in decoctions of kraut, 
especially that to which dextrose is added. It ferments beer wort. 

SACCHAROMYCES BRASSICAE 11 . Wehmer 

This yeast was isolated by Wehmer from the same source as the 
preceding one. The cells are almost spherical and do not exceed 3.6 
to 4.8 M in diameter; often they are much smaller. They possess very 
refractive granules in their vacuoles. This species has the same ap- 
pearance on gelatin. In a decoction of kraut in dextrose solutions 
and in beer wort, it produces a fermentation. 

SACCHAROMYCES BRASSICAE III. Wehmer 

Isolated also from sourkraut, this species possesses ellipsoidal 
cells, slightly elongated and quite small (7 X 4 m in diarrieter). The 
appearance of the cultures on gelatin is quite different from that of the 
two preceding yeasts. This yeast produces an alcoholic fermentation. 

^ Wehmer, C. Untersuchungea uber Sauerkrautgarung. Cent. Bakt. 2, 
1905. 
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TORULA HOLMII. (Holm) Jorgensen' 

Syn.: torula a. Holm 

This yeast was isolated by Holm in Jorgensen^s laboratory. The 
growth in the sediment of young cultures contains small, oval cells. 
Along with these are found large cells, oval or round. The length of 
the cells varies from 3.5 to 5.5 /x and their width from 1.4 to 2.1 /x. 
In must this species produces a feeble fermentation after which the al- 
cohol content may reach 0.32 per cent by volume. It inverts sac- 
charose and raffinose and ferments the invert sugar. However, it 
has no action on maltose, dextrose and dextrine. At the (md of three 
to five days at 25° C., it forms a scum on beer wort, tiu^. (;ells of which 
are round or oval. In yeast water to which dextrose has bcHm addcxl 
the cells of the scum look like those of S. Pastorianm, Tlu^y may also 
be irregular. The surface colonies on gelatin with 10 per (‘,ent wort 
are round, white, shiny, slightly bulged and with entire edge. 

TORULA THERMANTITONUM. Johnson 

Discovered on the leaves of the Eucalyptus and studied by John- 
son^ and Hare, this species possesses cells of small size whi(;h are 
egg shaped. It is of special interest on account of an abnormal re- 
sistance to high temperatures. The temperature limits for budding 
are situated in the vicinity of 10° (!. and 84° (1 The optimum is be- 
tween 40 and 44° C. According to Lindner, it is a brewery yeast which 
induces a bottom fermentation and a good clarification. It ferments 
dextrose, levulose, saccharose, maltose, dextrine, d-mannose, d-galac- 
tose, raffinose, a-methylglucosides, xylose and inuline but lias no ac- 
tion on lactose and melibiose. 

TORULA FROM VACCINE PULP. Lesieur and Mangini 

Lesieur and Mangini have found the presence of yeasts in samples 
of vaccine pulp. These yeasts belong to the genera Mycoderma and 
Torula, 

Torula /. The cells are round, more often spherical. On wort at 
25° C., the yeast causes a cloudiness after 40 hours, and very slight 
scum formation. After five days, there is visible scum and sedimem 
tal growth at the bottom of the container. The yeast grows a little 

^ Jorgensen, A. Die Mikroorganismen dor GSrungsindustric, Berlin, 5th 
Edition, Paul Parey, 1909. 

2 Johnson, G. Saccharomyces Journal of the Institute of Brewing, 11, 
1905. 
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at 14° C. The optimum temperature for growth seems to be situated 
between 25° C. and 37° C. At 37° C. the yeast vegetates but stops at 
40° C. This yeast ferments levulose. The inoculation of a guinea pig 
gave negative results. 

Torula II. The cells are variable in shape, either spherical or 
oval (5-5.5 ju in diameter). On Raulin^s gelatin, the cells are round 
an4 there are rudiments of a mycelium. On liquid media, there is 
a sediment and after 10 to 12 days a slight ring 
appears. Growth begins at 14° C. ; the optimum 
temperature is between 19 and 20° C. 

Torula III. The cells are ordinarily spheri- 
cal, rarely oval (4-6.5/x). On potato, the cells 
are united into groups of 2, 3, or 4 individuals. Fig;. 141-A. — TomZalll 
rarely more. There is a gelatinous substance 
resembling a zoogloea. On liquid media an 
abundant sediment and a white scum are formed after 11 days. 
This yeast develops at 14° C. The maximum temperature for bud- 
ding seems to be situated between 25° and 37° 0. The species is able 
to grow at 45° C*. There is no fermentation and it is non-pathogenic. 

Olsen-Sopp have isolated from Taette along with Saccharomyces 
taette major and minor some Torula which form small round or oval 
colonics which are distinguishable from each other by their action 
toward sugars. 



TORULA OF ROSE 

Rose ^ has isolated two types of Torula from the mucous secretions 
of oaks. Both have round cells (5jjl in diameter) and act as bottom 
yeasts. One, Torula A, ferments dextrose, trehalose, rafBnose inu- 
line, a-and j8-glucosides and possibly melibiose. The other, Torula 
Bj acts like the Torula A and differs only by the fact that it does 
not act on inulinc and melibiose. 


WEHMER^S TORULA 

Wehmer^ has isolated from pickle brine a small round Torula 
which vegetates in nutrient solutions containing 10 to 15 per cent of 
salt. In solutions of 21 per cent of salt it remains capable of develop- 
ing for months. It seems to originate from sea water or the herring. 

1 Rose, L. Beitrage zur Kenntniss der Organismen in Eichenschleimfluss. 
Inaugural dissertation at the University of Berlin. June 1910. 

2 Wehmer, C. Zur Bakter. und Chemie der Heringslake. Cent. Bakt. 3, 
1897. 
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TORDLA SP. Saito ^ 

This yeast possesses spherical cells with resistant, walls with a 
number of fat globules in the protoplasm. The cells form a mucilag- 
inous sediment. On a fat substrate they become oval or elongated. 
The giant colonies give a mucilaginous stratification of a yc^llow (‘olor. 
In wort or decoction of '^koji/^ this yeast causes a fca^ble escape of 
gas; at first, there is a cloudiness produced, later, the formation of a 
united scum. This species is closely related to the pnaaniing one and 
possibly identical. 


HOYE’S TORULA 

Hoye^ found many species of Torula in solutions to which salt 
had been added. These will be d(\scrib(Hl. 

Salt Yeast Bj Hoye. This is a yeast with round or oval c(dlB, 
the shape varying somewhat with the concc^ntration of salt. When 
15 per cent of salt is added, the cells Ix^conu^ mon^ oval than with 
lesser amounts. With 20 per cent of salt the c(‘lls Ix^conu^ more pointtni, 
resembling the tubercles of beets. The meml>ran('s of thc» (*ells oftem 
have short points to the number of two or thrcH' ori (^ach (icll. Fre- 
quently the cells are joined tog(^ther by naains of tlu'Si^ points, llns 
yeast does not grow in potato wort. 

Salt Yeast, Hoye. In fish bouillon with 15 p(*r cent, of salt, added, 
this species possesses cells of various shapes. The structure is often 
moniliform. In 25 per cent of salt, the cells are oval and located in 
chains. In 35 per cent of salt, they become round. This yeast docs 
not develop in potato wort. Schultz has mentioned yeasts of the 
ellipsoideus type from brines used to preserve legum(\s. 

Recently, Coupin has found in sea water a Torula whicii doc^s not 
grow in media unless salt is added to it. Kita has found two speci(^.s 
of Torula which develop in beer wort with 20 per cent of added salt. 
They grow easily in solutions with maltose but not in those which 
contain dextrose. 

1 Saito, K. Mikrobiol. Stud, liber die Soya-Bereitung. Cent. Bakt. 17, 
1906. 

2 Hoye, K. Recherches sur la moisissure de Bacalao et quelqucs autres 
Mikroorganismes haloplules. Bergens. Museum Aarbog. No. 12. 1906. 
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B. TORULA PROM MILK 

TORULA KEPHIR. Hcinze and Cohn ^ 

Sijn.: SACUIIAROMYCES KEPHIR. Boij erinck 

Found hy “ in k6phir, this yoast possesses cells of vari- 

able shape, ^(‘iK'rally (‘l()nji;a,ted, developing on nutrient gelatin with 
slightly winding eolonii^s and not, Ihpiefying the gelatin. According to 
Beijerinck it. sc‘<‘r<^t(*s la(*tas(‘. Sehunnans-Stekhoven, however, have 
not Ikh'U abl<‘ to confinn this fact. It inverts saccharose but has no 
action on inaltos(\ 

SACCHAROMYCES TYROCOLA. Beijerinck 

This spi'cit's was ivSoIatcMl by Beijerinck^ from Eidam cheese. It is 
a y<‘ast with small (‘(*lls, round, giving snow-white colonies on gelatin. 
Ah with tlu» pr(‘<*(‘diiig spt‘cit‘s, it inverts lactose and saccharose but 
does not a(d on inaltost'. 

FREUDENREICH’S KEPHIR YEAST 

This Hp(Hn(‘H was fouml by Fnauhaireich ^ in various samples of 
k(‘phir. It gives a vigorous growth and feeble fermentation in beer 
wort but do(*H not scHun to cause any fermentation in milk. The 
growth (!oiisists ()f oval c(‘lls (3.5 /x in length and 2-3 /x in width). 
It do<‘H not form a scuin. The optimum temperature for budding is 
22” (\ A(‘(*ording to Fnaidcmreich, this species is able by a symbiosis 
with Disjxnii cmmcn and RrepitKoeem a and /3 to bring about a fer- 
numtation in milk. It does not act on lactose when it is isolated by 
itself. 

DUCLAUX’S TORULA B 

This y(*aHt was isolated from milk in which it produced an active 
fermentation. It is a small, ovoid yeast. Packets which may reach 
large* size* arc* haincHl by budding. Inoculated into gelatin, it gives 
little growth and this is almost entirely on the surface. In the same 

i li., and Colm, E. Uebor Milchzukcr verg^rende Sprosspilze. Zeit. 

Hygiene^. 46, HK)H. 

^ Beijerinck, M. W. Bur Ic Kephir. Arch, neerlandaises des Sc. exactes et 

nat„ 2:k 1H89. 

» Beijc*rinc*k, M. W. Die lac^tnsci ein ncues Enzyme. Cent. Bakt. 6, 1889. 

^ FnuKienrt*i(‘h, 1*1 liaktericn Untersucdiungen iiber den Kefir. Cent. Bakt. 
3 , 1897 . 

^ DuClaux, E. Fermentation ale. du sucre do kit. Ann. Past. Inst. 1, 1887. 
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medium with 1 per cent of glycerol added, it produces a button- 
shaped growth and a little development along the line of inoculation. 
It is separated from the yeast of Adametz, which will be mentioned 
later, by the fact that its branching structure is less developed. In 
beer wort, similar development is secured. The cells elongate and 
become cylinders {7 fx long). The yeast grows easily in milk and neu- 
tral serum and develops especially in liquids exposed to the air and 
with difficulty in the bottom of flasks. The aei‘obic life does not 
hinder its enzyme activity. This species secretes runtlKu* rennin nor 
casease but does produce lactase. The optimum t('mi)erature for 
fermentation is between 25 and 30'' C. The tlun’inal dc'ath point is 
50" C. for cells in the dry state and 60" C. for moist c(^lls. No coagu- 
lation is secured in milk. An alcoholic drink slightly acid and with 
an agreeable taste is formed from milk. It ftn’inents easily lactose, 
dextrose, d-galactose, saccharose and more difficultly maltose. 


TORULA LACTIS. (Adametz) Heinze and i\y\m 

This species was isolated from a spont-aneous h^rmentation in milk 
by Adametz.^ It has oval or elliptical cells (7 10 /x X 5), sometimes 
spherical (3-4 /x), larger than those of the preceding sp(HU(‘B. The buds 
are usually formed simultaneously at both of tlu^ opposites (mds of th(^. 
ellipse. On the plaster block, this yeast forms no ascosiKjrc^s but 
the cells continue to bud and elongate. On peptone gc^latin it doc^s 
not do well and gives almost entirely a superficial growth. Th(^ colonies 
are round with slightly branching edges and of a brown color. On 
peptone gelatin with one per cent of glycerol added, in stab cultures, 
this yeast forms, like the preceding, a superficial but, ton along the 
inoculation growth from which, in fifteen days, fine branch(\s (^xtend. 
On beer wort gelatin, an abundant surface growth is secured in which 
the center is slightly raised. In sterile milk ferrnent-ation phenomena 
are presented in 24 hours at 40" C., in 48 hours at 38" C., and in 4 days 
at 25" C. No rennin or casease is formed. In beer wort it grows m 
a sediment at the bottom of the flask and induces a manifest fermen- 
tation. It starts a faint fermentation in milk aft(ir 24 hours a little 
less vigorous than that caused by the Torula of Duclaux. It fer- 
ments maltose with difficulty but ferments easily lactose, d-galactose, 
dextrose and saccharose (as quickly lactose as saccharose). The thermal 
death point of dry cells is between 50 and 60" Cl and of moist cells 
56" C. 

1 Adametz, L. Saccharomyces lactis, eine neue Milchzucher vergtonde 
Hefenart. Cent. Bakt. 5, 1889. 
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KAYSER^S YEAST 

Secured from milk at a farm in Brie, Kayser ^ found that this yeast 
possessed cells from G to 8 /x long and 3 to 5 /x wide. It forms neither 
casease nor r(^nnin. Like the two preceding species, it ferments sac- 
charose and lactose (the lactose as easily as the saccharose), d-galac- 
tose, and dextrose but acts with difficulty on maltose. The thermal 
death point is 55° C. for moist cells and 90-100° C. for dry cells. On 
gelatin, it looks like the preceding yeast and is distinguished only by 
the fact that the fibrous appearance is less pronounced. 

TORULA COMMUNIS. Browne 

Browne ^ has found a Torula the most abundant organism in raw 
sugar from (kiba. A similar organism was also found in raw sugar 
and soft rc^firuid sugars from the British West Indies. Owen^ has also 
mentioned a similar organism. The colonies on raw sugar agar. 



Fig. 141-B. — Magtiifiod Colls of Torula communis (after Browne). 


according to Browne, appear first as small white cysts which are pointed 
under the microscope. These cysts increase in size to a diameter of 
0.2~0.5 mm. until they reach the surface of the agar after which they 
spread out in all directions. The colony gradually assumes a cir- 
cular shape from 3-10 mm. in diameter and is grayish white in color. 
Old colonies are brownish in color. Under high power of the micro- 
scope, no mycelium is seen. The cells are separate and look like 
yeasts. Torula communis grows readily in all concentrations of sugar 
solutions. A granular deposit is formed and, after a time, a thin 
marginal scum. There seems to be slight evolution of gas. No 
froth or foam is formed as is often present with strongly fermenting 
organisms. The action on raw sugar seems to be a destruction of the 

1 Kayser, E. Contribution physiologique des levures alcooliques de la lac- 
tose. Ann. Past. Inst. 5, 1891. 

^ Browne, C. A. The Deterioration of Raw Cane Sugar. A Problem in 
Food Conservation. J. Ind. Eng. Chem. 10 (1918), 178-190. 

3 Owen. liouisiana Planter, 56, 173. 
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invert sugar, fructose being the constituent most strongly attacked. 
Sucrose is not inverted. Data are produced by the author to show 
that this organism is the strongest fermenter between the ninth and 
fifteenth day. Further characteristics of this organism are not given 
by Browne. 

LACTOMYCES INFLANS CASEIGANA. Bochicchio 

Bochicchio ^ isolated this species froni I.<()mbard cIuh'sc^ It is a 
top yeast with unilateral budding. The cells are elongated, round or 
elliptical. When cultivated on gelatin, this yeast forms a whitish 
colony with an entire edge. It coagulates sterile milk and li(|uefies 
part of the coagulum without the formation of distincit amounts of 
acid. In lactose bouillon, between 25 and 40° (I, it provokes an 
energetic fermentation. The most favorable temperatun^ for this is 
situated at about 30° C. The temperature limit is al)out 00° ( Milk 
infected with this yeast is changed into a frothy mass with a dis- 
agreeable odor. 

SACCHAROMYCES LEBENIS. Rist and Khoury 

This yeast was isolated by Rist and Khoury^ from khen wlun*e 
it is found with Mycodenna lebenis. It possessc^s oval cuhs (3 to 0/x) 
with granular contents. The cells an^ isolalx^d and oru^ n(W(U' finds 
mycelial formations. On sucrose agar below tlu'- surface, this yc^ast 
gives little growth and seems to grow only on tlie surface',. Howe'vea*, 
one may, by successive culturings in this nuulium, causes it to take' on 
anaerobic characteristics and the fermemtation of sucirose. It grows 
well on ordinary gelatin without sugar and, at tlu^ end of 48 hours, 
forms white circular colonies with a moist and dami) surface'. Stal)H 
into saccharose gelatin give colonies which are roimel anel B(|ueezeel 
together not exceeding 3 to 4ju. It doe^s not liejuerfy the ge'latin. On 
milk broth this yeast produces a cloudiiuiss anel later a sediment. It 
causes no fermentation. On grape must, it produces a cloudiness 
which is also followed by a deposit in the bottom of the culture flask. 
This species ferments saccharose and maltose but docs not act on 
lactose. It works with Mycoderma lebenis in the alcoholic fermenta- 
tion of lactose but it acts on this sugar only when associated with 
Streptococcus lebenis which probably decomposes the lactose'. 

^ Bochicchio, N. Ueber innen Milchzucker vergarenden unci Kilseblilhungen 
hervornifenden neuen Hefenpilz, Cent. Bakt. 15, 1894, 

^ Rist, E., and Khoury, J, Etudes sur un lait fermente comestible, le ‘fleben” 
d'Egypte. Ann. Past. Inst. 16, 1902. 
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TORDIA KEPHIR. Nokolajewa ^ 

This species was found along with many • bacteria and Torula 
ellipsoidea in a decomposition of k4phir. It is made up of round 
cells (3-4 /X in diameter); it develops with a red color on potato. 
This yeast ferments dextrose, saccharose and lactose. 


TORULA ELLIPSOIDEA. Nikolajewa^ 

This yeast was found undca* the same conditions as the preceding. 
The cells are elliptical (6- 9 fx in length and 3-4.5 /x in width) and de- 
velop on all substances. A yellow pigment is formed on potato. 
This yeast ferments dextrose and saccharose but not lactose 

TORULA AMARA. Harrisson ^ 

This yeast was isolated from a cheese and milk in America where 
it produccHl a l)ittxa' taster Harrisson, who isolated it, showed that it 
came from cans of milk; the cans became infected from trees under 
which they were j)laced to dry. It produces a bad, disagreeable taste 
in milk at 37^ C. after 14 hours. It produces an odor recalling that of 
plum stones. The taste is astringent. Later the milk coagulates and 
an aromatic ethen^al odor is formed. The optimum temperature for 
budding is 37® Cl and the temperature limits 48-50° C. This species 
easily ha'inents saccharose, dextrose and lactose. It grows in a bouil- 
lon containing 2.4 per cent of lactic acid. 

DOMBROWSKI^S TORULA 

Torula lactis a, Dombrowski: This yeast was isolated from 
Armenian mazun in Zurich by Dtiggeli and was described by Dom- 
!)rowski.'‘ The cells are usually oval; giant cells are often noticed in 
hanging drop preparations. On gelatin plates, the colonies are lentic- 
ular and are cither circular or torpedo shaped. Growth in gelatin 
stabs extends only 4 cm. below the surface. The giant colony is flat 
and spread out with a slightly fringed border. In beer wort and must, 
this species acts like a top yeast. Fermentation is quite energetic. 

1 Nikolajewa, E. Die Microorganismen des Kefirs. Bull. Jard. Imp. St. 
Peteraburg, 7, 1907. 

^ See reference for Torula k6phir. 

^ Harrisson, F. C. Bitter milk and cheese. Cent. Bakt. 9, 1902. 

^ Dombrowshi, W. Sur FEndomyces fibuliger. Comp. Rend. d. trav. du. 
labor, de Carlsbcrg. 7, Book 4, 1909. 
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The must is strongly discolored with the formation of an aroma. A 
scum is not formed, only a feeble ring. Clarification is generally bad. 
At the end of five and a half months in wort about 5 per c(‘nt of alco- 
hol is formed. This yeast induces an active fermentation in wort 
with the formation of an aroma. It ferments dextrose, lactose, sac- 
charose and d-galactose but has no action on maltose. Besidc^s alco- 
hol and carbon dioxide, it produces a small quantity of acid. 

Torula lactis jS, Dombrowski: This species was isolated by Burri 
and described by Dombrowski. It possessc's cells of varicxl shapevs. 
In solid media, they arc generally elongated and united by a sort of 
mycelium. In wort cultures, they are spherical, ellipti(‘al, (elongated 
or oval. The average dimensions arc 7-9.5 /x in kaigth and 4.25- 
4.5 /X in width. Giant cells are formed in hanging drops. 

The colonies on gelatin or beer wort, in platens, are (utlua* torpinlo 
shape or circular. They are mad(^ up of elongatxMl (‘(41s res(‘mbling a 
mycelium. In stabs, (hwclopirumt (^xk^nds to about- 4 cm. b(4ow th(‘ 
surface. The giant (^-olony has a c.oiK^avity in tlu' c(mt(T. Uultur(‘s 
on beer wort show a ring formation and a f(H4)l(^ a,ti(^m{)t to form a 
scum. The wort is strongly discolonnl. Th(n’(‘. is the production of a 
slight aroma. After five and a half months, there are ().3 grams of alco- 
hol formed in 100 c.c. of mcxlium. This sp(H4('s prodiua^s at 25*^ ('. 
an active fermentation of milk with a slight disagreeabh^ taste. It 
ferments lactose, saccharose, d-galactose and (k‘xt.ros(^ but do(‘s not 
act on maltose. Small quantities of acid are produced in th(‘ hn-imm- 
tation. 

Torula lactis 7, Dombrowski: This species was found many tinu^s 
in kephir grains. It possesses oval cells, sornetinu's splierical, which 
have a diameter on beer wort of 3.5 /x, and which oftx'ii p()ss(‘SH nunuT- 
ous fat globules. Colonics on beer wort or g(4atin plates are circular 
or shaped like torpedoes. In stab cultun^s growth (extends al)()ut 4.5 
cm. below the surface. Giant coloni(>s possess a concavity in the center. 
This species produces a rather thick scum on been’ wort which is of a 
whitish color and forms about 5 grams of alcohol in about five and a 
half months. It acts like a top yeast. It clarifies beer wort and pro- 
duces an active fermentation. The wort is strongly diseolorizcHl with 
the formation of an aroma. At 23--'25° C., this Torula causes an active 
fermentation in milk. It ferments lactose, saccharose, dextrose and 
d-galactose but does not act on maltose. Small amounts of acids are 
produced. 

Torula lactis 8 and Torula lactis €, Dombrowski: These two 
species were encountered in various products from milk. They are 
only distinguished by the size of the cells. The cells are spherical 
in shape and often include a large fat globule. The cells of Torula 
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lactis d are much smaller than those in Torula lactis 6. In the first 
they are 2.5-4.12 /i and in the other 3. 1-5.6 On gelatin in beer 
wort, in plates, both species form spherical or torpedo-shaped colonies. 
The giant colonies of Torula lactis d have almost a flat surface while 
the others possess a concentrically folded surface. In beer wort 
or grape must, both species produce a fine ring but cause no fermenta- 
tion. The wort is not discolored and there is no formation of an aroma. 
This do(\s not f(nm(mt milk. Neither does it ferment lactose, saccha- 
rose, dextrose, d-galactose and maltose. 

Torula No. 15, Dombrowski: The shape of the cells is oval. On 
plaster blocks, the cells possess a large fat globule. On beer wort 
gelatin plates, this species produces circular or torpedo-shaped colo- 
nies. The giant colonies show slight development with concentric 
zones. In caihohydrate liquid media, this species produces no fer- 
numtation but develops abundantly. At 23-25® C. the scum is a 
l)right red. This yesast produces a strong cloudiness and a disagree- 
able odor. Many other milk yeasts have been isolated by Pierroton 
and Riboni Wcjigmann, Kalanthar, Jensen, and Mazd; they are too 
insuflftciently known to be described here. 


C- YEASTS FEOM PATS 

SACCHAROMYCES OLEL Van Tieghem^ 

This yeast was accidentally observed by Van Tieghem in olive oil 
in which there were entrained droplets of water. It possesses oval 
cells arranged like heads in a chain. These bead-like structures break 
off and the isolated cells bud in order to form new ones. The 
cells measure on an average 4/a and 2.5 ju. Their contents is a rose 
color. This yeast develops in all stretches of the medium without 
growing on the surface. The oil undergoes a marked change, becoming 
acid and saponifying. 


ROGER'S TORULA 

This yeast was isolated from different samples of butter by Rogers.^ 
It possesses the property of decomposing fats with the formation of 
fatty acids. The cells are elliptical (3 to 5ju) and show a slight 
tendency to form chains or masses. It ferments maltose slowly but 
does not act on other sugars (lactose, d-mannose, levulose, dextrose). 

i Van Tieghem. Sur la vegetation dans Phuile. Bull. Soc. Bot. France. 
28, 1881. 

^ Rogers, A. Eine gespaltende Torulahefe aus Buchsenbutter isoliert. Cent. 
Bakt. 10, 1903. 
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D. COLORKD TOUIILA 

Among the colored ToruUiy the red yeasts are the most numerous.^ 
They are especially numerous in dust of th(‘ air. Sonu^ form mycio- 
dermic scums and may be classed as Mycoderma. 


TORULA PULCHERRIMA. Lindiu r 


Lindner^ has found this Torula 



Fig. 142. — Torula pulcherrima. Old 0(dls 
and Their Germination (after Lindncir)* 

membrane ruptures itself and an 
yeast ferments dextrose, d-rnannose 


on numerous occasions, (‘spcHaally 
on various fruits und also on the 
oxerenuait of potato bugs. I{{mI 
pigments an^ formed.*^ In Ikht 
wort, its (‘ells are at first (‘llipti- 
cal but latca* they b(‘(‘oni(‘ largca* 
and round with a large fat glob- 
ule in their iid(Tior, Tiny poss(‘ss 
a tliick nu'inbrane (Fig. 142). 
During gcTinination tin* extcTiial 
active budding tak(‘H places This 
and Icwulose. 


TORXILA MUCILAGINOSA. Jorgcaiscai ^ 

The cells are oval (5 to 5.6/4 long and 2/x wickO* Inocadattnl into 
beer wort, this yeast at first product's a slight (4oudin(‘ss and at. the 
same time a ring of a mucous yeast with a rost^ color as w(‘ll as a 
mucous sediment visible only after shaking the cultun'. Tlu^ ring 
continues to extend on the walls of the vesst'I which soon finds itst'If 
covered from top to bottom with a rose-colonnl growth. Tlu'rt' st't'ms 
to be no vegetation as a sediment. Ulumps of this mucous ring may 
fall to the bottom of the flask. The surfa(;e colonic's on gedatin witii 

1 per cent wort are round, faintly rose (iolored, moist, shiny and a 
little convex. The young colonic's have a united l)ord('r. The old 
ones are hollowed in the middle and providt'd with liiWv. transvc'rse 

Beijerinck has described a Fiaccharomycca pidcherrimus whieli He<T(‘t(‘S a 
colorless chromogen which becomes a de(‘p hkI in tlu^ pn'Htmcti of iron Halts. He 
even suggests that this variety may be us(‘d jus a test for iron. (BcnT'rinck, M. W. 
Chromogenic yeasts — a new biologic rciaction for iron. Arch. iuhtIjuuI. physiol 

2 (1918), 609-15. Chem. Absts. 13 (1919), 1082. 

2 Lindner, P. Ueber rot und schwartz gefiirbte 8i)rosspiIzc. Wochenscdir 
f. Brau. 4, 1887. 

3 All of the red yeasts have been groui)ed by bactciriologists into a special 
group known as ^'red yeasts.’' 

^ Jorgensen, A. Die Mikroorganismen der Gjirimgsindust.rie. BcTlin. 5th 
edition. Paul Parey. 1909. 
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furrows at the edges. This yeast produces no fermentation of dex- 
trose, maltose, lactose, saccharose, raffinose and dextrine. It inverts 
saccharose and decomposes raffinose. In must with added alcohol, 
it forms, at the (md of 8 days, a mucous ring if the alcohol does not 
exceed 2 per cent. With 5 per cent of alcohol, there is no develop- 
ment. The formation of a mucous ring seems to be related to the 
presence of albumin in the medium and concerned with the presence 
of carbohydrate's. It increases when the amount of peptone added 
to the medium is increased. 



TORULA CINNABARINA. Jorgensen ' 

This yeast, improperly designated under the name of Torula, 
seems to Ix'long to the Mycoderma. The cells are oval or elongated 
often provideid with short or long tubes, . a sort of promycelium. 
Giant cells arc^ often noticed cither elon- 
gated or round. Tlu; long ones may be 
14.6 m in length and the round ones 9.5 m 
in diameter. Gultivatcal in mxxst or in 
solutions Of the various sugars, this yeast 
produces a scum which, at first, is united, 
fohhal and of a red color. The liquid 
remains clear. No sediment is noticed at 

t he bot tom of the culture flask nor any pig. 143. - Torula cinm6arina. 
fcrnu^ntatioii. In old cultures, the wort §cum on Old Culture (after 
und(^rgo('s a notable decoloration. At the Jorgensen). 

(ukI of (K) hours at 25° (I, small islands of floating scum are produced 
in which a small number of cells begin to form a mycelium. 

At the end of 24 hours, the formation of a promycelium may 
beconm very abundant. On the promycelium and on the mother 
cells, the formation of buds may be seen. (Fig. 143..) The surface 
colonies on gelatin with 10 per cent of wort are round, with a faint 
red color. The old colonies are dry and show concavity and a finely 
fringed border. This yeast produces no fermentation in dextrose, 
maltose, lactose, saccharose, raffinose nor dextrine. It decomposed 
solutions of saccharose and rafl^nose. In wort with 1 to 2 per cent 
of alcohol added, there is a feeble development. If one decreases 
these amounts of alcohol, the yeast ceases to grow. 


RED TORULA, NO. 36. Janssens and Mertens 

This is a yeast a little smaller than S, pastorianus which in its 
scums seems to have a tendency to form elongated cells and filaments. 
1 Jorgensen, A, See reference for Torula mucilaginosa. 
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It was found in the bottom of a hoi tie of Maids! oih‘ Ihmt and de- 
scribed by Janssens and Mertensd On Ihmm* wort it (hna'lops on the 
surface and, after two days, produ(*es a hmI scum. This d(‘V(‘lops very 
quickly and covers the whole surface^ of th(‘ licpiid, latca* to h(‘come 
thick and folded. It also forms a reddish ring on \ho walls of the 
culture flask. The scum, if one shakes th(‘ eultun^ flask, falls to the 
bottom and is replaced by a new one. If ammonium carbonate to 2 
per cent is added there is no formation of this scum, llu* (‘ells go to 
the bottom of the liquid and the solution b(Tom(‘S (‘loudy. Only 
when all of this ammonium carbonates has Ixnai d(‘stroy(‘d do(‘H the 
scum form again. 

On gelatin plates, this yeast produ(*(‘s surface^ (‘oloni(‘s at the 
end of two days, visible to the naked eyo. Aft(‘r 5 days, tht»H(‘ (‘oloni(^ 
are entirely developed and poss(\ss a vnry (Larn(*t(‘riHti(‘ af)j)(xiran(‘e. 
There is a little enlargement in the middk^ and th(‘r<‘ is fonmxl along 
their peripheries a slight fringe. This Torula Ii({U(di(^s gtJatin viTy 
slowly. The optimum temperature for buddiiig is Hituat(‘d htdwmi 
20 and 25*^0. Toward 30® C., the vitality of tin* y(‘aHt is somewhat 
diminished. This species produces no al(‘oholic f(‘nnc‘ntation and is 
not pathogenic. 

The red pigment is almost insoluble* in watiT and ac(*ton(* but is 
quite soluble in carbon bisulfak*. It s(*(*inH to nwanbh* candine. 

TORULA GLUTINIS. Pringsheim aiui Bil(‘WHky 

Syn,: ckyptococcus olutinih. Fr(*s(*niuH. HArvuAmuYVKB 
GLUTINIB. Uohn 

Fresenius^ discovered this yc'ast which is v{*ry (*(anmon in dust 
of the air. It is a common r(;d yeast and has Ixam sinca* <*n(*otmtereil 

hy ( 'ohn and H(*hr5l(‘r.*^ Ummm ^ has 

% C®@' ® « -V A (3 a Htudied it under tlie name of 

S 5 @ '^00^ Cryptocm-UK ytuliiiiH. He found that 

Fig. 144. — S. {fZirfinw (after Hansen), many apeeieH have Ix'en deHerilHxl 

under this name and flint Cohn’s 
yeast does not correspond with that deHcrilttHl hy Freii-uius. Hansen 
has isolated many other ai)<'ci(>.s of red ycaists relatiai to the C. yluthm 

1 Janssens, E. A., and Mert(>na, A. Fttude mierorhemique et cytulcigique 
d’une Torula rose. La cellule, 20, ItK).'}. 

* Fresenius. Beitrfige zur Mycologic. 1850. 

’ Cohn, P., and SchrSter, J. Beitrilgc zur Biologic der Bflaniten. Vol 1 
1872. ■ ■ 

Hansen, E. C. Saccharoinyces coh^rc^ on rougt^ ct c<*lluleH n^KHeiuhlant 
a de Saocharomyces. Comp. Rend, des trav. lab. d« CarblK'rir Vol 1 Book 


TORULA GLUTINIS 


317 

of Frosonius. On© s©6nis to correspond to the species described by 
Cohn and the other to a true Sdcchavoiuyccs possessing ascospores 
and a third presents in beer wort budding cells like a true yeast but 
also develops a promycelium or germinating tube when it exists in a 
state of poor nutrition. (Fig. 145.) 

Sartory^ in 1907 reported a red 
yeast which he compared to the 
species of Fresenius. It is a yeast 
very widespread in nature and 
which one may find in macerations 
of grains, the rinds of certain 
cheeses and other organic sub- 
stances. The cells are oval, the 
average dimension being 5 to 11 /x 
X 4 /X. The optimum temperature 
for budding is between 22° C. and 
30° C. At 37 to 38° C., the yeast 
stops vegetating. 

On glycerol broth, it forms a scum made up of cells which are 
associated to form a sort , of mycelium. The sediment is made up of 
oval cells. On carrot, this yeast develops rapidly, giving a red layer. 
On plain potato, acid or glycerol, and on artichoke the develop- 
ment is less rapid. Small colonies are formed which have a reddish 
color. On gelatin and agar, the vegetation is less abundant and there 
is produced, after a certain time, a liquefaction of the gelatin. This 
yeast secretes invertase but produces no alcoholic fermentation. It 
is without action on maltose, d-galactose, starch and inuline. On 
milk, in about 14 days, there is a precipitation of the casein with no 
peptonization. 

Quite recently, Pringsheim and Bilewsky have isolated another 
red yeast which is much like Cryptococcus glutinis of Fresenius which 
was named Torula glutinis. This yeast has no agreement with the 
yeast of Sartory. 

The cells are spherical or oval (5 to 6/x in length and 4 to 5 /x in 
width), isolated or united in budding formation but easily separable. 
They possess small granules and one or two large globules of fat. In 
culture, the cells possess a reddish color which may become brown 
under unfavorable conditions. The optimum temperature for budding 
is between 6° and 15° C. The minimum is about 0 and the maxi- 
mum near 47° C. The cells, in the vicinity of the minimum and maxi- 
mum temperature, are very small. Under certain conditions, giant 

^ Sartory, A. fitude biologique du Cryptococcus glutinis. Bull, de la myc. 
de France, 23, 1907. 






318 NON-SACCHAROMYCETES OR DOUBTFUL YEASTS 


cells with a diameter of 10-25 jU are formed along with long budding 
cells, incompletely formed and irregular. In liquid media the yeast 
forms a thin pellicle on the surface and a deposit in the bottom of 
the flask. On solid substrates, it forms small dots of growth about 
0.5 to IjLt in diameter. Later these run together forming a shiny 
mass almost mucous. The giant colonics on potato present a wrinkled 
appearance. On agar and gelatin, in streaks and stabs, the vegetation 
is at first with an even edge wliich after a certain time becomes 
furrowed. Torula ghitinis does not possess a very characteristic ap- 
pearance and a series of related yeasts have been described under 
this name. 


CRYPTOCOCCUS BAINIERI. Sartory 

This yeast was found by Bainier on the steams and leaves of the 
nettle where it lived as a saprophyte. It has IxHiu described by Sar- 
tory.^ It is easily cultivated on all solid media (gelatin, agar, potato, 
both acid and glycerol), and especially on (uirrot. The colonies are of 
a beautiful deep rose color. On certain sugar nuxlia the color Ixx'onu's 
a poppy colored red. The yeast gives abundant growth in licpiid 
media (Raulin^s solution, maltose, laci.ose, galactose or glycerines, 
Raulin’s solution) and especially on glycerol l)Ouillon. The optimum 
temperature for budding is situated between 24 and 26^ C. The 
development begins at 15® C. and stops at 38® C. to 40® C. This yeast< 
produces between 15® and 36® C. a rose-colored scum made up of elon- 
gated cells of larger dimensions than the cells in the sediment. It. 
secretes invertase but does not ferment dextrose, maltose, lactose 
nor d-galactose. 

PSEUDOSACCHAROMYCES STEVENSI. Anderson ^ 

Anderson isolated this yeast from human feces and characterized 
it as follows: 

Morphology. In both young and old cultures the cells are narrowly 
elliptical, oblong or apiculate; cytoplasm, very granular; vacuolcH, 
not distinct except in old, swollen cells; no elongated cells or false 
mycelium are formed under any condition of culture. Budding occurs 
only at ends, by elongation and swelling of the apiculate portion. 
The size is 2 X 5/x. No endospores are formed. 

Cultural Characters. On glucose agar the streak is filiform, glisten- 

^ Sartory. Etude d’une levurc nouvclle, le Cryptococcus Bainieri. Comp. 
Rend. Soc. de Biol. 61, 1906. 

Anderson, H. W. Yeast-like fungi of the human intestinal tract. Jour. 
Inf. Diseases, 21 (1917), 341-386. 
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ig, white, fiat, and smooth. The growth is slow, and the colony 
ccomes dirty-gray with age. In gelatin no liquefaction occurs; 
1 C growth is filiform. In beer wort and sugar mediums there is slow 
evelopmcmt, with no evidence of growth except a shght sediment. The 
iant colonies are very small. 

Phydologic Pr()pertie.s. There is no fermentation of glucose, 
wulose, sucrose', lactose', raffinose, galactose or maltose. No decided 
liange in acidity o(;curs in the^se sugars, dextrin or yeast water. There 
5 no (diange in litmus milk. 


CRYPTOCOCCUS VERRUCOSUS. Anderson ^ 

Morphology. In young liquid culture the cells are oblong, 
arrowly edliptical or oblong-e'longated; in old cultures elongated cells 
re common, with sewe^al 'oil ' globules in each cell. The size is 
X 9 microns. Budding oeuuirs from shoulders, ends or sides. No 
ndospore's are formed. 

^^Cultural CharadevH. On glucose agar slant there is at first an 
ven, filiform, glistening, whiter, smooth growth; later it becomes dull, 
rittle, verrucoBC and pulvinab':. 

►n carrot slant the growth is more 
refuse, with verrucose, and pul- 
inate. On carrot slant the growth 
i more profuse, with verrucose 
laracter more pronouned, and 
ith chalky-white surface. There 
. a filifomi or nodose growth in ^ ^ 

[datm stab, with no liquefaction. Anderson, 

n sugar mediums and beer wort, l, Cells from Young ^^^r^Wort Culture; 2, Old 
Ftcjr 2 days, a few small, white 

atches appear on the surface, later becoming larger, dry and very 
rm; at first they remain separate, but later coalesce. 

^^Physiologic Properties. It does not ferment glucose, levulose, 
icrose, maltose, galactose, lactose or rafl&nose. No decided change 
i acidity occurs in these sugars. Litmus milk becomes very slightly 
Ikaline after several weeks. 

"The culture was isolated from human feces. 

"The dry brittle character of the colonies on solid mediums, the 
irmation of the isolated, white patches on all liquid mediums, and 
le peculiar type of cells, clearly distinguishes this yeast from any 
bher studied.^' 

' Anderson, H. W. Yeast-like fungi of the human intestinal tract. Jour, 
ifectious Diseases, 21 (1917), 341-386. 
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CRYPTOCOCCUS OVOIDEUS. Anderson 

Morphology. Cells in young cultures are round or oval, and 
fairly uniform in size and shape; in old culture cells are oval or 
broadly elliptical, varying markedly in size and with few budding cells. 
There are no elongated cells or hyphal elements. The size is 3.5 X 4.5 p. 

^^CuUural Characters. On glucose agar the streak is filiform, 
slightly raised, glistening, smooth, and chalk-white. The growth is 

slow and there is little change in 
old cultures. There is a filiform 
growth in gelatin stab, with no 
liquefaction. No pellicle or ring is 
present in beer wort or in liquid 
sugar mediums. 

^^Physiologic Characters. There 
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Fig. 


145-B. — Cryptococcus 
Anderson. 


ovoideus, 


1 , Cells from Youi^ Beer Wort Culture; 2 , Cells Is slight fermCntatioil of gluCOSe, 
from Old eSucose Agar Culture. levuloso, and sucrosc. This occurs 

only after a week and the production of gas is never over 10 per cent 
of the closed arm of the tube. No decided change in acidity occurs 
in sugar mediums. There is no change in litmus milk. 

^The culture was isolated from human feces. 

^This species is very similar in many of its characters to Culture 
170.101. The latter, however, ferments glucose and levulose very 
rapidly and completely. Both of these cultures are slow growing, 
very smooth and remain white and even-edged in very old cultures. 
The surface elevation is not so decidedly convex as in most yeasts of 
the white, glistening type.^' 


CRYPTOCOCCUS GLABRATUS. Anderson ^ 


Morphology. Cells in young cultures are oval or 
elliptical, and fairly uniform in size and shape; in old 
cultures cells are round, oval, or elliptical and more 
variable in form and size. Budding occurs from the ends 
or shoulders of the oval and elliptical cells. There 
are no elongated cells or hyphal elements. The size is 
3 X 4.5 IX. 

^^Cultural Characters. On glucose agar the streak is 
filiform, glistening, raised, smooth, and chalk-white.' In 
old cultures the surface remains smooth and the edge 
entire. There is a slow growth on all solid mediums; 
liquid mediums remain clear with little evidence of 



Fig. 145-C. — 
Cryptococcus 
glabratus. 

1, Cells from Young 
Beer Wort Gel- 
atin Culture. 


growth, and no pellicle or ring formation is present. 

‘ Anderson, H. W. See reference for Cryptococcus verrucosus. 
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''Physiologic Characters, There is rapid fermentation of glucose 
.nd levulose. Other sugars are not fermented. Litmus milk becomes 
mly slightly alkaline. No decided change in acid reaction occurs in 
ugar mediums. Gelatin is not liquefied. 

“The culture was isolated from human feces. 

“This species differs in few respects from Cryptococcus ovoideus. 
rhe cells are more elliptical and the fermentation reactions are unlike. 

CRYPTOCOCCUS AGREGATUS. Anderson ^ 

^'Morphology. In both young and old cultures the cells arc mostly 
;lobular or slightly oval. No elongated cells are formed. Budding 
occurs from any point on the cell; usually several buds arise from 
:ach cell; in old cultures buds are commonly formed in large numbers 
Lbout a single enlarged cell. The size is 3.5 /x. 

"(hiltural Characters. On glucose agar slant the growth is filiform, 
:onvex, glistening, smooth, chalk-white and firm. In old cultures 
he surface remains smooth, 
v'ith even edges and no 
larkening in color. Fili- 
orm, later nodose, growth 
occurs in gelatin stab, with 
10 liquefaction. No pellicle 
)r ring is formed in beer wort 
>r liquid sugar mediums, 
rhe surface of the giant 
:olonies on glucose agar 
>late8 remains remarkal)ly smooth, only dim, concentric lines appearing. 

"Physiologic Properties. There is no fermentation in glucose, 
;ucrose, levulose, maltose, galactose, lactose or raffinose yeast water. 
STo decided change in acidity occurs in these sugar mediums. Litmus 
nilk becomes very slightly alkaline after 3 weeks. 

^The culture was isolated from human feces. 

“Two other cultures, isolated from the same person, were compared 
vith the foregoing species and found to be identical. The isolations 
vere made from the same sample of feces but from different colonies.^^ 

KRAMER’S RED TORULA 

This species found by Kramer ^ in cider is a yeast which produces 
i top fermentation. It is provided with a red pigment soluble in water. 

^ Anderson, H. W. See reference for Cryptococcus verrucosus. 

® Kramer, E. Ueber einen rotgefarbten bei Vergarung des Mostes Mit- 
virkenden Sprosspilz. Osterr. landw. Cent. 1, 1891. 



Fig. 145--D. — Crytococcm agregatus, Anderson. 

1, Cells from Young Beer Wort Culture; 2, Cells from 
Old Culture. 
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It ’ferments dextrose and in a 10 per cent solution of this sugar pro- 
duces 4.5 per cent of alcohol by volume. It inverts saccharose and 
ferments maltose. It has no action on lactose. 

SACCHAROMYCES JAPONICUS. Yabe^ 

This yeast was isolated from some swampy fields in Japan on rice 
leaves. It is frequently encountered as is S. keiskeyma in dust of tlu' 
air in Japan. The cells are elliptical and slightly rounded. In Pas- 
teur^s medium, they measure 6 X 3/x; in meat bouillon, 9.2 X 5/^, 
sometimes reaching 10.3 X 6.1 ju. The budding is accomplished by a 
special method. The cells send .out a long tubule about twice as 
long as the cell at the end of which there develops an enlargtunent 
constituting the bud. In certain easels, especially in peptones broth, 
this filament branches in place of budding and gives mycelial forma- 
tions. This produces a red scum on liquids which falls to tlie bottom 
of the flask when disturbed. Stab cultur(‘s on carbohydrate g(4atin 
after a few weeks show along the line of inoculation a fe(4)I(^ trace 
of growth. On the surface, on the contrary, a reddish pellicle is formed 
which develops progressively and liciuefies the geJatin. This yeast is 
essentially aerobic producing no fermentation. The rv.d piguumt ap- 
pears only in contact with air and is especially formed in cultures on 
potato. Saccharose and dextrose are good foods for this yeast, better 
than lactose. Alcohol to 3 per cemt retards develoi)ment; 7 per cent 
of alcohol prevents it. The cells die in 5 minutes at 45® C. 

SACCHAROMYCES KEISKEANA. Yabe 

This yeast was found by Yabe ^ along with the preceding one. Its 
cells are of a pale reddish color and are always spherical (5.1 /jl in 
diameter). Under good conditions of nutrition they may reach 9/x. 
The cells grow by a budding analogous to that of l)ottom beer yeasts. 
No mycelial formation exists. In stab cultures on gelatin, this yeast 
only produces along its line of inoculation a small number of colls 
which remain colorless; with the exception of those on the surface, 
no liquefaction is produced. The cells die in 5 minutes at 50® C. 

1 Yabe, K. On two new kinds of red yeast. Bull, of the Imp. University 
of Tokyo, 1902. 

2 Yabe. See reference for S. japoniem. 
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TORULA BOGORIENSIS RUBRA. De Kruyff 

This is a yeast which was isolated from the soil of Java by Kruyff.^ 
t possesses the very interesting property of fixing atmospheric nitro- 
en. It does not ferment any sugar, secretes amylase, lipase and 
ucrase and forms round colonies which have a reddish tinge in the cen- 
er. Other rose-colored yeasts have been described as Saccharomyces 
oseus (Frank) Zopf and the Torula roseaca Van Hest. 

TORULA RUBEFACIENS. Grosbusch^ 

The cells are round or elliptical (3.7-2~6At). There is abundant 
cvelopment in beer wort with great pigment production. This 
^ red and solul)le in water and exhales a fruity odor. Giant colonies 
n wort gelatin are st rongly colored red. Gelatin is rapidly liquefied. 
)n potato, the. yeast givers a nxl colony. The production of pigment 
^ infiiu^nced by the kind of sugar in which the yeast finds itself, fer- 
;ientabl(^ sugars favoring this action. The concentration of the sugar 
nd th(^ amount of acid are also determining factors. The yeast fer- 
ments levulose and dc^xtrose, acts leas strongly on saccharose and a 
ittle on galactoH(\ Ando,^ in studying some red yeasts isolated from 
irew(‘ri(‘s which wctc prol)ably Torukij found that the color did not 
epemd upon tlu^ nutrient medium. The red pigment was found to 
.ave intimate connection with the life of the yeasts. In this case it 
rm regarded as an indication of lif(\ 


Genus 1 1. Pseudosaccharomyces. Klocker 
HANSENIA. Zikes 

The cells arci usually supplied at one or both ends with little 
loints like those on lemons. 

PSEUDOSACCHAROMYCES APICULATUS. Klocker 
Syn,: saccharomyces apiculatus. Reess. Hansen 

It has been stated that the yeast under the name of Saccharomyces 
piculatm and described by Rees and Hansen represents not a species 

^ De Kru 3 rff, E. Torula Bogoriensis rubra. Ann. Jard. hot. Buitenzorg. 
, 1909. 

^ Grosbusch, T. Ueber eine farblose, stark roten Farbstoff erzeugende Torula. 
Jent. Bakt. 42 (1915), 625-638. 

® Ando, K. On red yeasts. Original Communications Eighth International 
Congress of Applied Chemistry, 14 (1912), 7-12. 
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but a group. Those which form spores are classed as Saccharomycetes 
and those which form no ascospores are called Psevdosaccharomycetes. 

Saccharomyces apiculatus described by Reess and Hansen is a top 
yeast which causes active fermentation in dextrose but does not take 
it very far. After three months, according to Hansen, only 3 per 
cent of alcohol is formed. In beer wort, only 1 per cent of alcohol 
is formed. There is no fermentation of maltose nor inversion of 
saccharose. 

Klocker found this species in garden soil at Carlsberg. On wort at 
25° C., it has lemon or ellipsoideus shaped cells (5-10 long). The 
temperature limits for growth are 36-37° C. and 0.5-3. 5° C. It fer- 
ments dextrose, levulose, d-mannose and liquefies gelatin. 

PSEUDOSACCHAROMYCES APICULATUS PARASITICUS. 

Klocker 

SACCHAROMYCES APICULATUS PARASITICUS. Lindner 

Lindner discovered this yeast in 1895 in the body of an Homop- 
tera Aspidiotus Nerii and also on the laurel, ivy, myrtle, etc. (Fig. 
145-E.) It is probably from these plants that it gets into the bodies 
of insects. This species has the identical characteristics of Saccharo- 
myces apiculatm. No formation 
of ascospores has been noticed. 
Saccharomyces apiculatm parasi- 
ticus is transmitted by the eggs 
and finally enters the larvae to 
penetrate their uttermost ex- 
tremities. They do not seem to 
play a pathogenic r61e in Aspi- 
diotus and seem to live in a sort 
of symbiosis. This yeast has 
not been cultivated. Hartig has 
found an apiculate yeast in the blood of caterpillars which is iden- 
tical with that described by Lindner.^ However, it differs in that it 
causes a fatal disease among caterpillars. Lindner believes that 
this yeast gets into the caterpillars from ivy which is abundant in the 
vicinity of Hartig’s laboratory. 

1 Lindner, P, Ueber eine in Aspidiotus Nerii parasitisch lebende Apiculatus 
Hefe. Cent. Bakt. 1, 1895. 



Fig. 145-E. — S. apiculatus parasiticus. 

A, Cells Enclosed in tho Protoplasm of the Aspi- 
diotus Nerii cells; B, Greatly magnified cells (after 
Lindner) . 
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SACCHAROMYCES MACROPSIDIS LANIONIS. Sulc ^ 

This species was found in the pseudovitellius of certain Lecanides 
(Macropsis Lanio). They possess cells 3 /x in length and 1 /x in width. 
One of the extremities is pointed. (Fig. 129.) The 
contents show a nucleus and an alveolar protoplasm in 
the alveoli in which metachromatic granules are found. 

Multiplication is accomplished always at the poles. 

The buds are elliptical and of the shape of an egg. 145-F — 
They separate from the mother cell, attain their com- jS. Macropsi- 
plete development, and are never observed in chains. (SterK Silled 
The Saccharomyces macropsidis Lanionis is closely re- 
lated to, if not identical with, the Saccharomyces apiculatus parasiticus. 
It has not been cultivated. 

PSEUDOSACCHAROMYCES AUSTRICUS. Klocker 

On must at 25° C., the cells are ellipsoidal and 4 to 5 /x long. The 
temperature limits for growth are 35-36° C. and 0.5-3.5° C. It fer- 
ments dextrose, levulose and d-mannose. Gelatin is liquefied. It 
was found in soil from the Austrian Alps. 

PSEUDOSACCHAROMYCES AFRICANUS. Klocker 

On beer wort at 25° C., the cells are elongated or lemon shaped 
(7-12 microns in length) . The minimum temperature h’mits for growth 
are 36-37° C. It ferments dextrose, levulose, d-mannose and maltose 
very feebly. It was found in soil from Algeria. 

PSEUDOSACCHAROMYCES CORTICI. Klocker 

This yeast has lemon-shaped cells on beer wort at 25° C. (6-11 M 
in length). The temperature limits for growth are 36-37° C. and 
0.5-3.5° C. It ferments dextrose, levulose, d-mannose and maltose 
very feebly. Gelatin is liquefied. It was secured from various trees 
about Copenhagen. 

PSEUDOSACCHAROMYCES MULLERI. Klocker 

On beer wort at 25° C. the cells are small and shaped like lemons 
or ellipsoidal (4-6 /x in length). The temperature limits for growth 
are 35-36° C. and 0.5-3.5° C. It ferments dextrose, levulose and d- 
mannose and liquefies gelatin. It was found in soil from Java. 

1 Sulc, K. Pseudovitellius und ahnliche Gewerbe der Homopteren sind wohn- 
statten symbiotischer Saccharomyceten. Sitzungsberichte der Konig. Bohm. 
Gesellsch. der Wissenschaften in Prag. March 30, 1910. 
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PSEUDOSACCHAROMYCES LINDNERI. Kldcker 

On beer wort at 25° C., the cells are small and either lemon shaped 
or ellipsoidal. The temperature limits for growth are 36-37° C. and 
6-8° C. It ferments dextrose, levulose and d-mannose. It was found 
in soil from Java. 


PSEUDOSACCHAROMYCES GERMANII. Klocker 

On beer wort at 25° C., the cells are lemon shaped (5-8 ju long). 
The temperature limits for growth are 36-37° C. and 6-8° C. It fer- 
ments dextrose, levulose and d-mannose and liquefies gelatin. It 
was found in soil. 


PSEUDOSACCHAROMYCES JENSENH. Elocker 

On wort at. 25° C., the cells are small and elliptical, resembling the 
shape of lemons (2-5 ii long). The temperature limits for growth 
are 5-6.3° C. and 37-38° C. It ferments dextrose, levulose, d-mannose, 
saccharose and maltose very feebly. Gelatin is liquefied. It was iso- 
lated from Java soil. 

PSEUDOSACCHAROMYCES MALAIANUS. Klocker 

On gelatin at 25° C., the cells are shaped like lemons or sausages. 
The limits of temperature for growth are 36-37° C. and 0°~8° C. It 
ferments dextrose, levulose, d-mannose, saccharose, and maltose 
very feebly. Gelatin is not liquefied. It was isolated from soil from 
Java. 


PSEUDOSACCHAROMYCES LAFARI. Klocker 

On beer wort at 25° C., the cells are elongated, in the shape of 
lemons or ellipsoidal. The temperature limits are 36-37° C. and 6-8° C. 
It ferments dextrose, levulose, d-mannose, saccharose and has feeble 
action on maltose. Gelatin is liquefied. 

PSEUDOSACCHAROMYCES WILLH. Klocker 

On beer wort at 25° C., the cells are ellipsoidal or elongated and 
lemon shaped. They are small (4-10 /x in length). The temperature 
limits for growth are 37.5-38.5 and 6-8° C. It ferments dextrose, 
levulose, d-mannose, saccharose and maltose very feebly. Gelatin 
is liquefied. It was found in the soil of St. Thomas. 
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PSEUDOSACCHAROMYCES ANTHLARUM. Klocker 

On beer wort at 25° C., the cells are small and lemon-shaped or 
elliptical 5 to 12/4 long. The limits of temperature for growth are 
37°-38° C. and 3-4° C. It ferments dextrose, levulose, d-mannose, 
saccharose and maltose feebly. Gelatin is liquefied. This yeast was 
isolated from soil from St. Thomas. 

PSEUDOSACCHAROMYCES OCCIDENTALIS. Klocker 

On beer wort at 25° C., this species possesses lemon-shaped cells 
(6 to 10 /I long). The limits of temperature for growth are 39-40° C. 
and 3 to 6° C. It ferments dextrose, levulose, d-mannose and sac- 
charose and acts feebly on maltose. It liquefies gelatin. It was iso- 
lated from soil from St. Croix. 

PSEUDOSACCHAROMYCES SAUTRANZENSIS. Klocker 

The cells of this yciast are elliptical or lemon shaped on beer wort 
at 25° C. They are from 6 to 10 /x long. The temperature limits 
for growth are 37-38° C. and 3 to 6° C. It ferments dextrose, levulose, 
d-mannose and maltose very feebly. Gelatin is liquefied. It was 
isolated from soil from St. Croix. 

PSEUDOSACCHAROMYCES INDICUS. Klocker 

On wort at 25° C., the cells are lemon shaped or elliptical. They 
may be sausage shaped (3-7/4 long). The temperature limits for 
growth are 37-38° C. and 3-4° C. It ferments dextrose, levulose, 
d-mannose, saccharose and maltose very feebly. It liquefies gelatin. 

PSEUDOSACCHAROMYCES OF WHL 

Will has isolated four species of yeasts from different sources none 
of which form ascospores. The shape of these yeasts is quite vari- 
able. The lemon-shaped cell with points may disappear and the cells 
assume the spherical shape. In other cases the cells may become 
spindle-shaped. Some of the cells are filiform while others are sausage 
shaped. The size of the cells is also quite variable. They vary be- 
tween 5 and 6/4 in length. They may be distinguished from each 
other by their scums. Two of therS (Nos. 4 and 7) have a well-de- 
veloped scum while the other two (Nos. 1 and 3) form only a ring. 

The giant colonies are characteristic in appearance; those for 
yeasts I and 3 spread out on the surface while those for yeasts 4 and 7 
are cup-shaped. Yeasts 4 and 7 liquefy gelatin more quickly than the 
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other two yeasts and yeast 4 more quickly than 7. These four yeasts 
ferment dextrose and levulose. The fermentation continues for a 
long time with yeasts 4 and 7, longer than with the other two. The 
temperature limits for budding for these four yeasts are below 4° C. 
and 34^35° C. Yeasts 1 and 3 are more resistant to alcohol (ethyl) 
than the other two. Will considers yeasts 1 and 2 as two varieties 
of the same species which he designates under the name of Pseudosac- 
charomyces cerevisiae and yeasts 4 and 7 as varieties of another species 
to which he gives the name of Psevdosaccharomyces vini. 


TORULA NIGRA. Marpmann ^ 

Syn,: saccharomyces Niger. Marpmann 

This species was isolated from milk by Marpmann. It was re- 
garded by this author as related to P. nmnbranaefadens. The (;ells 
are round or oval (1.5 to 3.0 ja in diameter). In sugar solutions, no 
mycelium is produced. On gelatin as in other substrates, black 
colonies are formed. This yeast docs not seem to utilize saccharose 
and lactose but it uses a small quantity of dextrose. It seems to se- 
crete either maltose, lactase, amylase, inulasc, or invertase. Hansen ^ 
has shown that this yeast does not form ascosporcs and consequently 
does not resemble P. membranaefadens. It is related to the genus 
Dematium, Guilliermond ^ has confirmed the opinion of Hansen and 
shown that this species possesses characteristics which class it with 
the Dematium, ’ He has shown that on carrot it produces, at the end 
of 24 hours, a sticky mass composed of oval, slightly elongated cells, 
clothed with a sort of mucus which contains black particles. These 
are without doubt the black pigment seen in cultures. After a few 
days there is formed at the less moist parts of 'the carrot culture a 
very slender mycelium, which rises from the black mass of the yeasts. 
According to the investigations of Guilliermond the yeasts of this 
fungus include only a single nucleus and have a structure analogous 
to that of true yeasts, but the units of the mycelium may eru^losc 
many nuclei. 

Hansen has observed two black Torula related to Tonila nigra. 
Lindner has also described a black Torula cultured in Koch^s labora- 

^ Marpmann, G. Cent, allgemeine Gewidlets Richard Landw. Jahrbucher, 
1891. 

2 Hansen, E. C. Ueber rot und schwarzgefarbte Sprosspilze. Allg. Grauer- 
und Hopfenzeitung. 1887. 

^ Guilliermond, A. Recherclies cytologiques .sur l(\s hwures et quelques 
moisissures a forme levures. Thesis for the Doctorate at the Sorbonne. 
generale Botanique, 15, 1903. 
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)ry which formed hlacik yeast Ixxlies and finally a deep green myce- 
iim. This scH^med lo b(^ r(‘-Iat(xl to Marpmann’s yeast. 

Other l)lack yeasts have l)een mentioned by Marpmann under the' 
ame of SchizosaccharomijccH niger and Mma. These are not well 
nown and seem to be related to Dematium more than yeasts. They 
assess a complex mycelium. In all cases they have been improperly 
died Schizosaccharomyces for they are budding yeasts which possess 
one of the characteristics of the Schizosaccharomyces, There have 
een described may species which form a yellow and gray pigment, 
'hese arc too insufficiently known to be mentioned here. Saccharo- 
lyces sphoeriem might b(^ mentioned. Browne has described a Mo- 
ilia fiigra, the characteristicis of which are given later in this book. 

In a recent investigation, Will isolated three forms of black yeasts 
Iiicli he regards as varietic^s of the same species. The three forms 
ave a typical mycelium and a budding mycelium. The mycelium 
1 a little branclKxl and forms conidia which are ellipsoidal or spherical 
ith thick walls. These multiply by budding, forming new yeasts or 
reducing another mycc^lium. 

In licpiid media tlu^ thnx^ forms of yeast develop on the surface 
f liquid cniltures and on the walla of the container with a typical 
lycelium. In thci bottom of the flask there develops a flocculent 
iidiment madi^ up of yeast c(‘lls and mycelium. A ring develops 
round the aide- of the container and is cartilaginous, and a deep 
lack in color. The scum is more or less colored a dark green; it is 
[lick and quite tough. The giant colonies are a deep black. They 
re made up of a mycelium and budding cells. Growth for the’ three 
aecies stojis at 35® (k The tliree varieties are killed in 30 minutes 
t 48® (k They do not develop in media with 4 per cent of alcohol 
dded. They are slightly resistant to alcohol. No fermentations 
re induced. 

Form I. The budding cells are ellipsoidal, elongated and some- 
imes apiculate (3.9 -8,5 /x). Usually they are isolated but may be 
rouped, three or four cells being in a group. Some of the cells are 
iant cells. 

F(mn IL The l)udding cells are oval, sometimes sausage-shaped 
J.9-7.6 /x) 4 They are sometimes grouped. 

Farm III. The budding cells are spherical, sometimes ellipsoidal 
r sausagevshaped. The mycelial structure is less developed than in 
bie two preceding forms. Will found no relation between these yeasts 
nd Cladosporium herbarum. On the other hand he does recognize 
slationships between these yeasts and Dematium but they are separated 
y other characteristics. 
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TORULA FROM ‘'SOYA’» MASH. Kit a 

Kita^ examined different “soya ” mashes and found a yeast which was 
much like Saccharomyces soyaj Saito,*^ with the exception that no aseo- 
spores were found. Kita inoculated a sample of the masli into “soya 
decoction containing salt. This was eventually platen! out on “koji 
gelatin to which 10 per cent of salt was addeni. Lindner^s droplc^t 
method was finally employed for getting pur<^ cultures. 

The cells were usually round, sometimes ellii)tieal with thick 
walls which were easily visible under the microscope. The plasma 
was wavy. Vacuoles were seldom seen. The of the cc^Ils in 
“koji^' decoction was 4.5-8 /x* 

The colonies on “koji” extract-gelatin-agar were round or star- 
shaped, colored yellow, elevated in the middle with a smooth periph- 
ery. Giant colonies on the same medium are yellow, with a sunken 
center, granular surface and wavy periphery. Streak (uiltun^s an^ 
moist, yellow, granular and with wavy edges. In “koji ” extract to 
which 10 per cent of salt has been added, growth is luxuriant. A 
ring is formed and the medium seems to contain suspendcHl floes. It 
ferments glucose, maltose, but not galactose, sucrose^, lactost', rafiinos(^ 
nor arabinose. The optimum temperature for growth and h^rmenta- 
tion is about 28° C. No endospores are formed by young cells on 
the plaster block. There seem to be no described species of Tonda 
which agree with the characters of this one. 

Genus III. Mycoderma.® Persoon 

Under this name are grouped a number of yeasts which vegetate 
normally in contact with air and which form a scum but do not cause 
an alcoholic fermentation. At the beginning of the culture period, 
there is formed a folded sc m filled with air bubbles. Ordinarily 
long cells, budding at the ends with a transparent proto])lasm with 
one or more refractive granules at both poles, are pr(‘S(ait. The 
Mycoderma, on the whole, seem to possess the charact(Mis{ic%s of the 
fourth group of the Saccharomycetes (Pichia and Willia) and are 
perhaps asporogenic forms of the latter. Some of thc‘m are pig- 
mented. The Mycoderma are very widespread in air and live es- 
pecially on solutions containing alcohol. 

1 Kita, V. G. Haupthefe der sojamaischo. Grig. CJominimications 8th 
International Congress of Applied Chcin. 14 (1912), 99-lOt). 

2 Saito, K. Cent. Bakt. Abt. 2, 17, 104, 152. 

® It is well not to confound the Mycoderma with Mycoderma aceti which is a 
bacterium. 
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MYCODERMA CEREVISIAE. Desm, Hansen 

Described by Hansen * after finding it in the breweries of Copen- 
hagen this yeast possesses cells of varied shapes. Ordinarily the cells 
a,re transi>arent. Each cell usually contains one to three small re- 
Fractivc granules (Fig. 146). On beer wort, this yeast produces a 
:lull gray scum frequently folded. It does not invert saccharose and 
irives no fermentati m. On beer wort gelatin, spots of a gray color 
lire formed. Mycoderrna cerevisiae forms its sc ms between 2 and 15° C. 
and up to 33° (b It may cause considera).)le damage in beer which 
it attacks. 

Hansen was the first to show that this yeast is not a well-defined 
3 pticic's but rather a group of species which has been confirmed later 
by Ltmch6. This author describes four 
3 peci('s which are. distinguished from the 
yeast deseribtHl by Hansen in that in beer 
wort, they produce alcohol, one 0.20 per 
cent by volume, two others 0.79 per cent 
and a third 0.51 per cent. All of these 
cause disease in beer, Lafar has dis- 
covered another Mycoderrna yery closely 
related to the latter which forms a scum 
(|uite closely related to that formed by Fig. U6. — Mycoderrna cereifisiae 
Mycoderrna' ce.retn.nae and which gives 
acetic acid. 

H. Leberle and Will have described two species of Mycoderrna 
ceremsiae. The first Mycoderrna cerevisiae, var. a has cylindrical cells 
sometime^s (4ongated (2-3 /x wide and 7-10 /x long). The giant colonies 
are very uniform. The temperature limits for vegetative growth are: 
7'30° and the optimum 20-25° C. This species assimilates only levu- 
lose. It oxidizes alcohol quite energetically and assimilates organic 
acids easily. 

The second Mycoderrna cerevisiae var. c, possesses oval cells or 
cylindrical cells (2-4 /x wide and 6 to 10 /x long). The temperature 
limits for growth are: 7° C. and 30° C. The optimum is 20-25° C. 
This species assimilated glucose and levulose; like variety a it acts 
towards alcohol and organic acids. 

MYCODERMA VINI. Desm 

This species has been described by Seynes, Wortmann and Wino- 
gradsky. It presents some of the characters of Mycoderrna cerevisiae, 

1 Hansen, E. C. Levures alcooliques ressemblant a des Saccharomyces. 
Comp. Rend, des trav. du lab. de Carlsberg, 2, 1888. 
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The cells are oval and contain two vacuoles filled with refractive gran- 
ules. At the beginning of their development the cells are united in 
budding chains. Later they separate. In old cultures, the yeast 
takes irregular shapes, some cells becoming angular. De Seynes 
thought that he saw ascospores in this species. This work was re- 
peated by Engel, Reess and Cienkowski but not confirmed. It is 
then probable that these pretended ascospores were fat globules. 
Mycoderma vini is capable of changing the taste of wine. It con- 
tributes what is called the bouquet. It oxidizes alcohol, (dianging it 
into carbon dioxide and water with the production of acid. It. does 
not attack tartaric very much and citric not at all, but destroys accitic 
acid and glycerol. 

According to Siefert,^ it is necessary to distinguish two types of 
Mycoderma vini: Mycoderma vini I and Mycoderma vini 11, The 
first possesses cells 3 to 10 /x long and from 2 i.o 4/x wide. The 
scum is at first smooth, later folded and grayish in color. The tem- 
perature limits for budding in wine with 8 pen* (!ent of alcohol 
added, are minimum, 5-6° C., optimum, 25-20° C. and maximum, 30° C. 
This species requires alcohol for development and attacks malic acid. 
In solutions containing 4.8 per cent of alcohol and malic acid, 1.52 
per cent of glycerol is formed in 14 weeks. All of the alcohol is de- 
stroyed. In Austrian wine, in 26 days the amount of glycerol changes 
from 6.8 per cent to 82. It forms 9.04 per cent of acetic acid and the 
amount of alcohol changes from 7.8 to 3.8 per cent. 

Mycoderma vini II has temperature limits lower that those for 
the above yeast: minimum, 1 to 2° C., optimum, 22° C. and maximum 
28° C. to 30° C. It attacks malic acid only feebly. In Pasteur's 
solution in a week it gives 0.16 per cent of glycerol. The amount of 
alcohol is 4.8 to 4.1 per cent by volume. In Austrian white wine, after 
26 days no increase in the amount of glycerol is accomplished. There 
is formed, however, 0.64 per cent of acetic acid. The quantity of 
alcohol decreases from 7.8 to 6.8 per cent by volume. 

In a recent investigation, Gino de Rossi has shown that the 
species Mycoderma vini is really made up of a seric's of distinct va- 
rieties. By isolating the mycodermic forms from grape must- or 
wine, which had been exposed to the air, this autlior lias Ixnai alik' to 
characterize the species. 

Mycoderma vini. On grape must, the cells are variable^ in form, 
oval, or elongated cylinders (fi.O-O.fi X 2.8-4.8/x), unitc'd in small 
groups which branch, but which separate in from 4 to 8 days into 
large cells with from 2 to 3 refractive granule's. On gelatin with 10 

^ Siefert. Saccharomyces inembranacfaciens. Bcr. chem. jihysiol. VersucliBst. 
Klosterneuburg, 6, 1899-1900. 
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er cent of grape must, the colonies are white and round with a plain 
order. On wine or grape must, there is a scum in the beginning, 
lie yeast gives no fermentation in must. It forms alcohol from wine 
dthout noticeal)ly diminishing the acidity. The temperature limits 
re and 39° C., the optimum being 32°-35° C. Wine is 

terilized by heating for 10 hours at 50° C. and 1 hour at 55° C. 
)irect sunlight in June produced the same results in 10 hours. 

Mycoderma duplex. On grape must or wine, the cells are oval or 
ear shaped (3-7.2 X 2-3.0 /i). After 4 to 8 days, the cells are oval, 
mall, and apiculatc^ with eith(ir 1 or 2 refractive granules. Sometimes 
irge oval or globular cells appear (5.4 X 10.2 /x). 

On gedatin with grapes must, the colonies are round with an entire 
dge. On grape must or wine, a white delicate scum is formed at the 
beginning adhering to the sides of the container. Finally, it breaks 
way and falls to tl\e l)ottom as a fine deposit. 

Therc^ is no fc^rmentation in must, a slight diminution in the 
mount of alcohol in wine and a modification of the acidity. It is 
])1(^ to withstand 10 pen- cent of alcohol and 2 per cent of tartaric 
,cid. Th(^ tempea'ature limits are 5-7° C. and 39-40° C., the optimum 
icing 35° ( \ 

Wine containing this yeast is sterilized by 10 hours^ heating at 
8° (/. and 1 hour^s heating at 55° C. An exposure of 8 hours to sun- 
ight also destroys it. 

Mycoderma tenax. On grape must or wine, the cells arc elliptical 
4.8-8 X 2.8- 3.8 /x) and solidly united in groups which branch. After 
-8 days, tlu' (uJls are round, or oval, with a large refractive granule. 
)n g(^lat.in or grape must, the colonies arc white and round with a 
Jui!ios(' (Mlg(\ On grape must or wine, a delicate scum is formed 
diich (‘lings to tlu^ walls of the culture flask but later falls to the 
K)ttom of the container. There is no fermentation in must, but a 
liminution of th(^ alcohol and acid contemt of wine. It develops in 
he pr(\s(^ncci of 4 or 5 per cent of alcohol and 2 or 3 per cent of tar- 
aric acid. The temperature limits are 12° and 32-35° C., the opti- 
mum being 30 -32° C. Wine containing this yeast is sterilized by heat- 
ig for 10 hours at 48° C. or 1 hour at 53° C. Exposure to direct 
unlight for 10 hours will kill the yeast. 

MYCODERMA HENNEBERG 

Henneberg ^ mentioned two species of Mycoderma which he found 
a brewery yeasts and compressed yeast. These two species differ in 

1 Henneberg, W. Zwei Kahmhefearten an abgepresster Brennereihefe. Zeit. 
rcs. Brau. 26, 1903. 
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the shape of their cells. One of them produces filaments resembling 
the mycelium of Monilia, Finally they may be distinguished by 
their macroscopic appearance in solid media (giant colonies, streak 
cultures, etc.). In solutions of dextrose and levulose, both species 
form a scum which is filled with bubbles of carbon dioxide, the cells 
fall to the bottom of the culture flask and induce a very active fer- 
mentation. Both species, like Willia ari07nala, form ethyl (dher. 
The optimum temperature for budding in these species is 32™4U(\ 
These yeasts easily ferment dextrose and levulose but scarcely act on 
maltose and dextrine, and not at all on lactose, saccharose, raffinos(^, 
and inuline. In dextrose solutions, about 37 per cent of alcohol is 
formed by volume. Both species are able to utilize lactic acid as a 
food; they endure up to 5 per cent of this acid. They are also able 
to withstand quite large amounts of alcohol (11 per cent). The 
alcohol is rather rapidly oxidized to CO 2 and H 2 O. 

MYCODERMA CUCUMERINA. Aderhold 

Discovered by Aderhold,^ this species lives in bcuu* and win(‘ and . 
brings about certain undesirable changes with an acrid taste. It 
oxidizes alcohol and lactic acid and produces from them volatile acids; 
however, it does not grow in more than 1 per cent of alcohol. Tins 
species may also transform alcohol into succinic acid, malic acid and 
tartaric acid. 


MYCODERMA VALIDA. Leberle-Will ^ 

The cells are cylindrical or oval (6-8 /x long and 2-4 fx wid(‘). 
The temperature limits for growth are 1”~45° Cl, optimum 20”“25®(\ 
This yeast assimilates dextrose and levulose and oxidizes ethyl alcohol 
very energetically. It assimilates the organic acids very easily, (es- 
pecially lactic acid. 

MYCODERMA GALLICA. Lerberle-Will ^ 

The cells of this yeast are either oval or cylindrical (7- l()/x long 
and 2-3 /x wide) . The temperature limits for growth are 7 and 30® ( \ 
The optimum is 20-25® C. This species assimilatces dextrose' and h'vu- 
lose. It oxidizes alcohol quite energetically and ceisily assimilatc's th(‘ 
organic acids. 

1 Aderhold, R. Arbeiten der Botan. Abtcilung d. Vcrsuchsstation. d. pomolog. 
Inst, zu Proskau. Cent. Bakt. 5, 1899. 

2 Will, H. Beitrage zur Kenntniss der Gattung Mycoderma nacli IJnter- 
suchungen von Hans Leberle. Cent. Bakt. 28, 1910. 

® Will, H. See reference under Mycoderma valida. 
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MYCODERMA DECOLORANS. WilP 

This yeast possesses cylindrical cells sometimes a little conical 
with a median constriction more or less marked. The dimensions 
are variable. The temperature limits for growth are 5 and 42° C. 
The optimum is 25-31° C. This species oxidizes alcohol very ener- 
getically. The giant colonies on must gelatin are very flat, thin and 
quite spread out. The edge is often lobate. The center is a little 
concave with the peripheral portion lined with concentric bands. This 
species causes a disease in beer characterized by a decoloration of the 
substrate, an odor and a musty taste. 

SAITOHS MYCODERMA 

Saito^ has described four species of yeasts as Mycoderma. One 
isolated from ‘'Shiro-koji '' forms a dry scum folded, white and thick. 
The young cells are oval (4 to 6/x) with abundant protoplasm, with 
one or more vacuoles and one or three fat globules. This yeast causes 
no fermentation. 

The other two have been encountered in “Chinese yeast ” from 
Corea along with Saccharomyces Coreanus. On sugar solutions, one 
forms a dry, thin, dull scum. The cells are ellipsoidal, often shaped 
like a sausage (4-8 /x long and 4-6 /x wide) with homogeneous con- 
tents and provided with small granules. It produces only a slow 
liquefaction of gelatin and a very feeble fermentation. The other, 
on the surface of sugar solutions, forms a farinaceous, white scum. 
The cells are oval or spherical (2-6 /x in diameter) and possess an in- 
terior with one or more fat globules. On gelatin streaks, the growth 
is snow white and presents a rough surface. Liquefaction is quite 
rapid. This species produces a feeble fermentation. 

The fourth species was isolated from fermentation products of the 
soy bean. It . has irregularly shaped cells, elongated or oval, much 
like those of Saccharomyces pastorianus, with a large vacuole contain- 
ing refractive granules. On gelatin plates, this yeast produces small 
colonies with a moist appearance and with a slightly raised center. 
The edge is provided with fine indentations. It does not liquefy gela- 
tin. On streak cultures, a grayish white deposit is produced and a 
finely indented border without liquefaction of the medium. The 
giant colony has a white appearance, the surface being much folded 
and irregular. 

1 Will, H. See reference under Mycoderma valida. 

2 Saito, K. MikrobioL Studien iiber die Soya-Bereitung. Cent. Bakt. 17, 
1906; Notes on Formosan Fermentation Organisms. The Botanical Magazine, 
15, 1902; Preliminary Notes on Some Fermentation Organisms of Corea. The 
Botanical Magazine, Tokyo, 23, 1909. 
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On decoctions of “koji/' this species forms a thin scum smooth 
shiny and dry. This is folded and in old cultures becomes farina- 
ceous. On beer wort, .the scum forms slowly and has a dull aspect 
This yeast produces no fermentation of dextrose, levulose, d-galactose 
lactose, maltose, saccharose, melibiose, mannose and raffinose. 

BRUSENDORF^S MYCODERMA 

Isolated by Brusendorf ^ from potatoes from the Danish Antilles, 
this species forms on hop wort a thick resistant scum with a dry 
appearance. The cells are oval, often slightly elongated and placed in 
chains of three or four individuals. They are 5 to 10 /x long and 2 
to 5/x wide. The cultures often have an acid odor due to formic 
acid produced by the yeast. 

SACCHAROMYCES MYCODERMA I. Wehmer^ 

This yeast was isolated from fermenting sourkraut along with 
Saccharomyces brassicae I and II. The cells are always small (3.6 
to 5 )u) with almost always a refractive granule of variable size. They 
provoke no fermentation. On cabbage decoction the scum is white, 
folded and tenacious. On gelatin, with cabbage decoction added, 
this yeast forms a fine sediment, white in color. This species de- 
stroys lactic acid energetically. 

SACCHAROMYCES MYCODERMA H. Wehmer 

Wehmer^ isolated this species from the same source as the pre- 
ceding one. It has ellipsoidal cells, never spherical but rather large 
(8.4 — 4.8 X 6/x). No fermentation is induced. On cabbage de- 
coction the scum is thin and a dull gray. In old cultures, it 
becomes folded. This species quickly destroys lactic acid. 

DUCLAUX’S YEAST. (Mycolevure) 

This yeast was discovered by DuClaux ^ in Raulin’s solution ex- 
posed to the air, where it appeared spontaneously. It develops with 
a regular scum which is folded when it lacks space to spread out. 
Under such conditions, it becomes very thick. The scum is formed of 
ovdl cells more or less granular. They arc sometimes as large as 

^ Brusendorf. Ein Ameinsaure bildende Mycoderma. Cent. Bakt. 23, 1909. 

2 Wehmer, C. Untersuch. iiber Sauerkrautgarung. Cent. Bakt. 14, 1905. 

3 Wehmer, C. See reference for Saccharomyces mycoderma I. 

^ DuClaux, E. Traits de Microbiologie. Fermentation alcoolique. Vol. 3. 
Masson and Co., Paris, 1900. 
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MYCODERMA LEBENIS 

irdinary yc^asts but usually smaller. The cells are rarely united one 
o the othcvr and are only grouped two by two. This yeast is a strong 
ixidizer. ^ It oxidizes sugar to carbon dioxide and water. When in- 
rodiKHxl into a flask of sugar media which are easily aerated, the al- 
oholic f(n*mentation is set up, but not as much sugar is transformed as 
)y ordinary yeasts. It does not form more than 3 per cent alcohol. 

MYCODERMA FROM PINEAPPLE. Kayser ^ 

This yeast, isolated from pineapples, has elongated or elliptical 
:ells (3.5 7 X 2.5-5 /i). Sometimes the cells are spherical, remaining 
d,tach(Ml in chains of 4 or 5 cells each. After 24 hours, in all car- 
>ohydrat(^ nuHlia slight acjid with a scum and ring is produced. The 
:ell8 formed are lik(i those formed in the deposit. In all media in 
v^hich tlu^y grow, a pleasant ether odor is produced. The thermal 
Ic^aih point in th('t moist st,ate is around 53-55° C. and in the dry state 
.0(4 105° ( k At tlu^se temperatures, the cells are killed in 5 minutes, 
iayser has also isolated many mycoderma yeasts from bananas. 

MYCODERMA LEBENIS. Rist and Khoury^ 

This 8peci(^8 was isolatc^d from leben. It has cells about 6-8 /x long 
md 3 jU wid(‘, either isolated or forming groups in mycelium. In this 
alter cas(^, the units are long and thin (33 ju long and 1.5 to 2 //thick). 

ends are enlargcxl, giving somewhat the appearance of bis- 
aiits. The Integral buds give rise to secondary chains at almost right 
Liigles, The protoplasm is finely granular with large fat glol)ules. 

On the surfa(!e of plain gelatin, the colonies are grayish white, 
►paqiu'. and a littk^ raised, with a circular edge later indented with 
tratificiation in (joncentric zones. On carbohydrate gelatin, the 
jolonies ai*(^ (exclusively aerobic and of a greenish gray color. The 
center is surroundcxl by an arborescent structure. Stabs in lactose 
;elatin dcivelop abundantly on the surface but slowly in the depths, 
rhe culture n^embk^s an inverted cone. On the surface of gelatin, a 
hin crust, dry, nacreous, much firmer in the periphery than in the 
:cnter, is formed. No liquefaction of the gelatin is accomplished. In 
nilk bouillon, the Mycoderma grows badly and forms a thin scum, 
ransparent and gray, which is attached to the walls of the culture 
lask. The liquid becomes cloudy and there is a deposit in the 
)ottom of the flask. There is no fermentation of lactose. On grape 
nust, there is produced an active fermentation and a thick scum. 

^ Kayser, E. Note sur les ferments de Fananas. Ann. Past. Inst. 5, 1891. 

® Rist, E., and Khoury, J. Etudes sur un lait ferments comestible, le ‘deben” 
/Egypte. Ann. Past. Inst. 16, 1902. 
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This species ferments maltose, but has no action on saccharose or 
lactose. It seems to cooperate with Torula lehenis in the fermcaita- 
tion of milk but only when it is associated with Streptococcus lehenis. 


DOMBROWSKI’S 1 MYCODERMA FROM MILK 

My coderma lactis a. This yeast was encountered by Jensen and 
by Collau in various milk products, particularly in butter from Fin- 
land. The cells are elongated, rectangular, with rounded angles; 
sometimes they are slightly curved. Besides these, one may find 
numerous spherical cells: The cells enclose small droplets of fat. 
The dimensions of the cells are quite variable. After 96 hours on beer 
wort, the length may be 14.72, 13.0, 9.5, 8.42, 5.5 ja and their width, 
4.15, 14.15, 3.7, 3.7, 3.2 /x. Often the cells may be longer than 27 /x. 
At the end of 24 hours, this species forms on carbohydrate liquid 
media, a well-developed scum. The wort becomes very cloudy and 
clears itself after 10 days. In must fermentation is brought about 
with the escape of an aromatic odor like that of ethyl ether. After 
five and one half months, 6 grams of alcohol are formed per 100 c.c. 
of must. In milk at 23-25° C., there is no fermentation. 

On beer wort gelatin plates, the coloni(is are flat with a farina- 
ceous covering in the midst. In gelatin stabs, development extends 
down to 3.5 ccm. About the line of inoculation, one may see extended 
lines which decrease in length as one goes toward the bottom of the 
tube. 

Giant colonies have ' a membranous aspect with a grayish white 
color. In the center, a crateriform concavity exists about which 
is a raised portion. The border is finely fringed and possesses light 
folds. This yeast ferments only dextrose. The fermentation is ac- 
companied with the formation of ethers. 

Mycoderma lactis jS. Collau isolated this species in Copenhagen 
from a culture of starter used in cream ripening. It is closely rc^latc^d 
to the Mycoderma described above but is distinguished by the size 
of its cells and by its fermenting ability. The appearance of the giant 
colonies is also a distinguishing characteristic. The cells may reach 
12.87 /X in length and 3 in width. 

On beer wort, this yeast acts like the preceding one; however, it 
has a very feeble fermenting ability. At the end of five months, only 
4.2 grams of alcohol per 100 c.c. are formed. 

The colonies on gelatin plates are much cut up and suggest the 
structure of molds. The cells are very much elongated, united and 

^ Dombrowski, W. Die Hefen in Milch und Milchprodukten. Cent. Bakt. 
28 , 1910 . 
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ossessing short lai.oral buds at their points of contact. This gives 
liein t.he appearaiuio of tlie in 3 ^cclium of Deniatium. Giant colonies 
how Ic^ss (levelopnuuit than those of Mycoderma lactis a. They are 
ieinl)ranous and possc'ss a concavity surrounded by an elevated 
lortion. The edge is lightly folded and indented. The colony pos- 
esses a sup(u*ficial crust of a whitish color. 

Other My(;od(U’nia luivci ])een mentioned but they are less known. 
Linong them may Ixi nu'ntioruHl Mycoderma sphaeromyces (Rothen- 
»ach) which fernuuits (h^xtrine and Mycoderma saprogenes saM (Taka- 
,ashi) which was found in an alteration of sakd. 


MYCODERMA CHEVALIERI. Guilliermond 


This sp(‘cies was found along with 
Uwcharomyces Linderil in the f(‘rm(‘nta- 
ion of an alcoholic drink similar to Eng- 
ish ginger beer. On hevv wort at 25° C., 
t, d(W(‘l()ps rapidly, forming a sedimental 
irowth aft(U' 21 hours. A scum is also 
ornuMl on th(‘ surface*. Tlu* scum ap 
>(*urs as little floating islands which soon 
>ecom(* confhumt to form a continuous 
cum whi(!h adlu^n^s to the sid(*s of the 
ontaimT, forming a marked ring. This 
cum is v(*ry thin and of a grayish yellow 
olor. It do('s not contain air bubbles, 
t is v(u*y d(‘licat(‘ and falls to the bottom 

of the 



0 ^^ 









Fig. 146~A. — Mycoderma ^ Cheva- 
lieri, (Jells from Scdiinontal 
(kowth after 44 Hours (aft(T 
Cluilliermond). 


culture flask when it is dis- 
turbed. Another re-forms very 
quickly. It has the same characteris- 
tics as the scum formed by Zygosac- 
charomyces Chevalieri. 

When examined at the end of 24 
hours, the sediment shows almost 
constantly yeasts isolated or united 
two by two. These are generally 
small and elongated; rarely are they 
short or oval. Their dimensions 
vary between 3 and 5 /x wide and 4 
and 14 jjl long. Their average size is 

Ig. 146-B. — Mycelial Formation in about 3.96 X 6.21 p. The contents 

Mycoderma Chevalieri, Showing A^ of ^he cells are quite transparent with 
tachcii Yeast Structures (after Gml- , , i i 

liermond). large vacuoles less dis- 
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tinct with often many fat droplets. Budding is uniquely accomplished 
at both ends of the cells. The cells possess the characteristic ap- 
pearance of Mycoderma. 

The scum is, at first, almost always made up of yeast cells. These 
have somewhat the same appearance as the cells in the deposit. They 
are rarely isolated as in the sediment and are more often united in 
groups of from 4 to 8 cells. Certain cells have a tendency to elongate 
and may reach 14 to 20 /x in length. 

After from 14 days to 2 months, a mycelial formation appears in 
the sediment. The temperature limits for growth are 5° C. and 46- 
57"^ C. On wort gelatin the giant colonies have a characteristic ap- 
pearance. The center is a creamy yellow color and is made up of 
fine reticulations. The periphery is made up of two zones; first, one 
with a white color and thick, secondly, one with canals running out to 
the edge from this center. The gelatin is liciuefied. On wort gelatin 
at 20° C., the colony is grayish white with a dry appearance. The 
yeast causes a slight fermentation in beer wort and fennents sac- 
charose, feebly dextrose, energetically levulose and d-mannose. 

MYCODERMA SP. Saito 

This species forms on beer wort a white thick scum which adheres 
to the sides of the containers. The cells are oval and often curled. 
The giant colonies develop with a thick gray vegetation. The tem- 
perature limits for growth are 2-3° C. and 32-35° C. On ^^koji'' 
decoction, this yeast gives no fermentations. 

MYCODERMA OF FISCHER AND BREBECK 

Fischer and Brebeck ^ have described a number of Mycoderma under 
the generic name of Endoblastoderma and Blastoderma. Such are End. 
amycoides I-IV, liquefaciens, and glucom,yces I-IV and Blastoderma 
salminicolor. The last one is most interesting and the best known. 
It was found in a sample of sea water south of the island of Azores. 
The most salient characteristic of this spc'.cies is that the cells form 
long extensions at the end of which develop structures like conidia. 
These quite often develop on the surface of the liquid in contact with 
air. When examined in a hanging drop, they possess an excessive 
brilliant aspect. This species possesses a rod pigment. 

Two other red Mycoderma have been described or rather observed 
by Lasch6. Mycoderma hurnulij isolated from hop knaves and Myco- 
derma rubruMj found in a culture of contaminated gelatin. 

1 Fischer, B., and Brebeck, C. Zur Morphologic, Biologic und Syst. der Kahm- 
pilze, Jena, 1891. 
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MYCODERMA MONOSA. Anderson ^ 

Morphology, C'ells in young cultures are elliptical or narrowly 
ptical; in old cultures cells are of various forms, predominantly 
ptical, with numerous elongated and 
igular forms. Rows of elongated 
s in old cultures form a fals(^ my- 
al development. No true septation 
ibserved. Budding occurs from the 

or from shoulders of the young 2 

S. The size is 2 X r,.r) fi. 14, _ Mycoderma monosa, 

^^Cultural Characters. On all agar Andt^rHon. 

its the streak is spn^ading, dull, i. cvuh from Youn« C’uiture; 

tc, flat, and becoming gray with ag(^ 

leavy dull pcdlicle is fonmnl witliin 24™48 hours on all liciuid sugar 
iiums and on beer wort. There is a villous growth along stab in 
itin. 

^^Physiologic Properties. Glucoses and levulosc^ ferment readily. 
3re is no changes in litmus milk. Sugar mediums, with an original 
lity of - 1, bciconu^ Ic^ss acid after 1 week. The culture was isolated 
n human f(H^es.^^ 



MYCODERMA RUGOSA. Anderson 


And(a\son isolatcnl this y(Mist from human feces and characterijzed 
s follows: 


^Morphology. (k‘lls in young cultures are elliptical, oblong, 


igated, or somewhat irregular; 






140-D. — Mycodenna rugosa^ An- 
(l(^rson. 

idding CellH from Young Boer Wort Culture; 
2, Cells from Old Culture. 


in old cultures the cells on the sur- 
face of th(^ medium are oblong, 
ovat(^ or (dongated; beneath the 
surface very long, narrow cells of 
hyphal character are produced by 
the elongation of the bud at the 
distal end of another elongated cell. 
No septate mycelium is formed. 
Budding in young cells occurs from 
end or shoulder. The size is 3 x 
6.5 /X. 


Cultural Characters. On glucose agar slant the streak is white, 
1, and flat, but not spreading; later the surface becomes glisten- 
and decidedly rugose and pitted. Bushy growths may extend 


^ Anderson, H. W. Yeast-like fungi of the human intestinal tract. Jour, 
ctious Diseases, 21 (1917), 341-386. 
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downward into the agar at points along the streak. There is a rapid 
villous development in gelatin stab cultures. A heavy pellicle is 
formed in sugar mediums and beer wort. Giant colonies are very 
distinctive. 

^^Physiologic Characters. No sugars are fermented; there is no 
change in litmus milk. 

^^This mycoderma is not distinguishable from several other species, 
for example, M. cerevisiae, as far as the morphologic and physiologic 
characters enumerated are concerned. An examination of photographs 
of the giant colonies of various Mycoderma species revealed the fact 
that none of these species produce the peculiar rugose-pitted type 
formed by the foregoing species. The production of such type of 
growth is not confined to giant colonies on glucose agar, but is present 
on slants of glucose and beer wort agar.” 

MYCODERMA TANNICA. Asai 

Asai ^ has isolated a new yeast which causes dark brown or black 
spots on leather. The yeast grows in dextrose or levulose or other 
sugar solutions with an ammonium salt or amino acid as the source 
of nitrogen. It does not grow readily in dilute tannin solution but 
when dextrose and amino acids are added good growth takes place. 
Small amounts of alcohol and carbon dioxide are formed. 

MYCODERMA ACIDIPANI. Rossi ^ 

The cells are oval in shape (3.2-6. 6 X 2.3-3 ju) and are united 
in branching groups. There are 1 or 2 refractive granules in each 
cell. On must gelatin, the cells are white, round, and provided with 
a slightly filamentous border. In grape must, or wine, the delicate 
scum is at first compact, later thick and adherent to the walls. If 
agitated, it falls to the bottom of the container. There is no fermen- 
tation in must, but a notable diminution in the content of alcohol 
and a marked increase in acidity. This yeast normally develops at 
a concentration of from 9 to 10 per cent of alcohol and withstands 
from 1 to 2 per cent of tartaric acid. The temperature limits are 2-5° C. 
and 32° C. The optimum is between 22° C. and 27° C. Wine con- 
taining this yeast may be sterilized by heating for 10 hours at 45° C. 
and 1 hour at 50° C. or by an exposure of one hour to direct sunlight. 

^ Asai, T. Physiological investigation of a new yeast which flourishes in 
tanning liquors. Jour. College Science Imperial University, Tokyo, 39, 1-42. 
Journal of the Chemical Society, January, 1919. 

^ Rossi, G. Micoderma del vino. Le Stazioni Sperimentali Agrarie Italiene. 
50, 1917. 
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MEDUSOMYOES GISEVII 

Genus IV. Modusomyccs. Lindau 

Mycodermic; yeasts with a thick gelatinous stratified scum, resem- 
ing somewhat a medusa. 

MEDUSOMYCES GISEVII. Lindau 

This yeast was scnnircMl from Doctor Gisevii * from the region of 
)urland when^ it is used as a household remedy. It was carefully 
iidied l)y Lindau. It is (‘asily cultivated and macroscopically forms 
peculiar covering on licjuid media. Lindau found tea infusion the 
st liquid medium on whicdi to propagate it. This covering does 



‘2 


I'i^. 146-E. — Medmomyces Gisevii. 

1. Y(w<t (’(‘Hh; 2. Scum dovelopinj*; in a Cvilturo Flask. 

t have the appearance of ordinary scums but is made up of an elastic 
[lacious mass. The liquid soon assumes an aromatic, fruity odor. 

older cultures the covering becomes a brownish yellow color, 
icroscopic examination of this covering shows the presence of nu- 
:)rous round or elliptical ct^lls. Tlie length varies between 5.5-8.5 ju 

^ Lindau, <1. Ueher Modiisomyces Gisevii, cine neue (Littung und Art dor 
fcpilssc. Berichte deutscdi. Bot. (les. 31 (1913), 243-248. 
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and the width between 1.5 and 3.8 /z. Budding takes place at the 
poles. (See Fig. 146~E.) The formation of the slimy substance about 
the cells is not thoroughly understood but is probably intimately 
connected with the outer cell wall. The peculiar characteristics of 
this yeast along with those of the scum caused Lindau to propose a 
special genus of Medusomyces. He separates this yeast from the 
Mycoderma by the characteristics of the scum. 

Lindner ^ examined some of the material from Courland which 
was given to him by Lindau. He found different fungi among 
which was Bacterium xylinum to which he attributed the fermenting 
capacity of this material. The presence of different yeasts, such as 
Saccharomyces Ludwigii and Schi^osaccharomyces Pomle, was also sug- 
gested. 

1 Lindner, P. Die vermeintliche neue Hefe Medusomyces Gisevii. Ber. 
deutsch. Bot. Gesell. 31 (1913), 364-368. 
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PATHOGENIC YEASTS 

r HE pathogenic yeasts, which do not sporulate, possess generally 
the charaet(n’istie.s of Torula, They may be regarded as part 
of this gc^mis. Ho weaver, Vuillemin has created a special generic 
[line for th(‘m, (hi/ptococcus. This name is generally used and so it 
LIS been regained for this discussion. 

CRYPTOCOCCUS DEGENERANS. Vuillemin 

Syn.: Blastomyces vitro simile DEOKNEiiANS. Roncali ^ 

This yeast was (mcountercal in a ganglion of the armpit of a woman 
stacked by a cancia* and in other tumors. It was both extra- and 
Ltracellular. In cancer the cc^lls v/cro rounded, rarely oval, isolated 
: in groups, without capsukvs, with homogeneous contents, poor in 
*anulations. In culture's, the cells arc elliptical, mixed with mycelial 
Tms. In carbohydrate solutions, this organism forms a scum corn- 
:)sed of yi'asts and mycc^lium. In bouillon, it produces an abundant 
‘diment made uj) of ccills and filaments. On gelatin plates, the super- 
nal coloni(‘s are irregular, of a grayish yellow color; there is no lique- 
.ction. On gelatin streaks, thc^ growth is milky white. On potato, 
le colonic's are grayish white and undulated. The yeast does not 
rment saccharose. It is pathogenic for guinea pigs. Injections into 
10 peritoneum cause death of the animal in 15 to 30 days. 

CRYPTOCOCCUS GILCHRISTI. Vuillemin 

Syn.: zymonema gilchristi. De Beurmann and Gougerot. — 
BLASTOMYCES DERMATITIS. Gilchrist and Stokes 

This yeast was found by Gilchrist^ in a case of scrofular der- 
atitis and later by Gilchrist and Stokes in a case of pseudo lupus 
ilgaris. It has round, slightly oval cells, 20 or more /x in diameter, 

^ Roncali. Die Blastomyceten in den Adeno-Carcinoman des Ovariums. 
int. Bakt. 18, 1895. 

^ Gilchrist. A case of blastomycetic dermititis in man. Johns Hopkins 
DSpital Bulletin. 1896. 
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and a thick membrane. (Fig. 147.) In cultures, it has cells without 
capsules, elongated and mixed with mycelial filaments. 
No alcoholic fermentation is brought about nor scum 
formed on carbohydrate media. It does not liquefy 
gelatin. It is hardly pathogenic for animals. 

Echon-Echeug have recently found a yeast in the 
serous secretion from a lesion in the cervical region, 
simulating cutaneous tuberculosis. The cells are 
Fig. 147.— Cr^/p/o- spherical (7-16//), united two by two. The cultures 
(Ser GHchrist^ Sabourand^s agar has yielded white colonies which 
become brownish, made up of a mycelium producing 
cells like those found in the lesions. 



CRYPTOCOCCUS TOKISHIGEI (Tokishige). Vuillemin 


Syn.: cryptococcus farciminosus, Rivolta and Micellone. — saccha- 
ROMYCES EQUi, Marcoiic. — cryptococcus rivoltae, Fermi and 
Aruch. — PARENDOMYCES OF RIVOLTA AND MICELLONE. Bcur- 
mann and Gougerot 


This yeast was discovered by Rivolta and was considered by this 
author as the parasite of epizootic lymphangitis or African glanders, 
a communicable infection of horses and mules. Numerous authors 
have thought that they cultivated 
this organism. Fermi and Aruch 
thought that they obtained it on 
potato and San Felice said that he 
reproduced the disease by cultures. 

Marcone and Tokishige were the 
first to obtain the development of 
the fungus but they were unable to 
cultivate it in series. Tokishige in 
Japan has been able to obtain 
colonies on quite diverse media, but 
could not produce the disease when 
inoculating a horse with the colonies. 

More recent studies by N^gre and 
Bride and N6gre and Boquet have 
demonstrated that the parasite of this 
disease is indeed a yeast. In a few animals, the organism possessed 
the shape of a yeast. They secured best growth of the Cryptococcus 
by sowing a drop of pus on horse dung agar and covering it with 
the deposit of a maceration of lymphatic ganglions. The colonies arc 



Fig. 148. — Cryptococcus Tokishigei, 

1, CryptotocouH in a Inuronytf'. R, Houucl Form 
of t.h<‘ Crvi)tocot!(ai.s. T, Myf*(‘Hal tub(‘ form- 
ing a bu(l. Th(* butl is Htill witfiin tho Leuco- 
(•yt(‘. — 2, IVIyocilial 'I’ubcH Formed by tin's 
liuddiiiK of External Spore S. T, Myeeliul 
Tube. — .'1, External Sjxjn'. 4, Itn Bud. — 5, 
ChlamydoHpore in a Mye(?Iial TuIm^. — tl, Free 
ChlurnydoHpon!. — 7-1), Free unite of an old 
culture. 
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hen transplanted onto the same medium as Sabourand^s medium, 
rhe organism is easily cultured and develops rapidly. 

The most favorable temperature is 37° C. At this temperature 
he colonies on Sabourand’s agar have a yellow sandy appearance, 
rhey arc folded and have little white points. 

In the beginning the Cryptococcus enlarges and assumes a round 
ihape filled with oil droplets. It then buds giving mycelial tubes which 
orrn lateral branches. 

On the secondary branches occur tertiary branches. At the end 
)f all of the filaments small l)uds form, the walls of which thicken 
tnd the (‘.ontents become filled with fat 
jlobukis. These detach themselves and 
)ecome external sporc^s. These are prob- 
ibly th(^ forms of the organism which 
nultiply under thci shape of yeasts. In 
julture, the spores form new mycelial 
tructures. The mycelium is also able 
,0 form at the ends of the filaments a 
mall number of segments with chlamy- 
lospores having a very thick wall and Fig. 143-A. — Cryptococcm To- 
indy granular contents. In old cultures, 

he units of the mycelium break off. Typical i,, c, cciia containing 

At times the authors have noticed cells 
vith three or four elements resembling as- TriiSrormatlSS 'of"‘the‘* oJS 

lospores. This would tend to make the i“‘<> (after Tokuhigo). 

^eaat an Endomyces. The presence of ascospores does not seem to 
)e well established. As to the ascospores described by Tokishige,^ 
Sfegre and Boquet have shown that they were simply granular bodies. 

Cultures of the yeast inoculated into a horse by scarification of 
he epidermis and subcutaneous injection produced abscesses and 
inally a clinical history of the natural disease. The Cryptococcus 
Lppears in the lesions three to four weeks after inoculation. The 
lells are at first isolated and have the shape of small oval units 
vith thin walls. Later they take on a double contour and appear 
aside of the leucocytes. The serum from sick animals gives positive 
eactions with cultures of the fungus. 

Boquet and Negre ^ have studied the variations taking place in 
he development of Rivolta’s Cryptococcus, They found that a mini- 
aum temperature of 15-18® C. caused this parasite to take on a 
aycelian structure. At the optimum temperature, 35-36® G., in liquid 

^ Tokishige. Ueber pathenogene Blastomyceten, Cent. Bakt. 19, 1896. 

^ Boquet, A., and Negre, L. Polymorphisme morphogenique du Cryptococcus 
e Rivolta. Ann. Past, Inst. 33 (1919), 185. 
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media, the cells became round or oval and were surrounded by a 
double membrane. Whether the parasite reproduced by budding or 
not seemed to be independent of aerobiosis. 


CRYPTOCOCCUS FARCIMINOSUS. Rivolta and Micellone 

Syn.: saccharomyces equi. Marcone. — cryptococcus rivoltae. 
Fermi and Aruch. — parendomyces de rivolta and micellone. 
De Beurmann and Gougerot 


This species has been regarded as the causal organism 
of glanders which attacks horses and mules. It has round 
or oval cells, sometimes pointed at the poles, with 
granular contents (Fig. 149). It is easily cultivated in 
all media. On potato, it prodiuies a round, raised colony 
with a dirty white color. It scarcely develops on agar. 
Fermi and Aruch ^ have described in the cells of this yeast 
found in pus, globules which 
they regarded as ascospores. 

These could not be found in 
artificial cultures, however. 



@i®©l 

0 0 


Fig. 149.— 
Crypt, far^ 
ciminosus. 
Growth of 
Cells and 
Ascs in the 
Pus (after 
Fermi and 
Aruch) . 


CRYPTOCOCCUS HOMINIS (Busse). 

Vuillemin 

Syn.: atelosaccharomyces hominis. 

De Beurmann and Gougerot 

Discovered by Busse, ^ in chronic periostitis 
of the tibia, this yeast, in situ, possesses cells 
which are round or oval, unites in various 
numbers in a substance with a homogeneous 
appearance, making a sort of common cap- 
sule. (Fig. 150, B.) In cultures, the same 
shape is presented but there is no homo- Fig. 150. 
geneous substance. There is a membrane 
with a double layer which thickens as tlie 
culture becomes older. (Fig. 150, A.) It is 
cultivated easily on all media between 15*^ and 38° C. In liquid media 
a sediment is formed and on prune juice it finally forms a scum 
with a dirty gray color. In gelatin stabs, the colonics arc white and 

^ Fermi, C., and Aruch. Ueber einc neue pathogene Hefeart und tiber die 
Natur des sogennanten Cryptococcus farminosus, Rivolta. Cent. liakt. 17, 1895. 

^ Busse, Ueber Saccharomyces hominis. Vinthow's Archive, 40, 1895. 



— Cryptoc. homini$. 


A. Old Culture on Prime Juiee. — - 
Ji. Nuuktouh Yt'ttHt C'ellH in a 
(Jiant ('ell (AlwecHH (»f the Hu- 
man Shinboni*) (after BuHae). 
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hiny but there is no liqiu^faction. On potato, the colonies soon unite 
,0 form a thick dirty white layer. This yeast ferments dextroj^e. 
;t is pathogenic for rabbits, white rats and dogs. 


CRYPTOCOCCUS LINGUAE-PILOSAE. Vuillemin 
Syn. SACCH.^ROMYCES LiNGUAE-piLosAB. Raynard and Lucet 


This yc^ast was disc()v^(‘red I)y Raynard and Lucet in a sickness 
‘all(‘d l)lack tongu(\ Luc(d. who has studied this disease experi- 
n(‘ntally has shown that it may not l)e reproduced. According to 
luc'gtai ^ and Thaon,- this yeast a(tts only in 
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151 . — (^ryptocoeem 
li.nyuae-pilomo, 

A. CJoIIh <l<‘V(‘l<>ped on Scum in 
Haulin’H Liejuid. — li. CpIIh Iso- 
lated from the MuhcIch of the 
Tongue. 


iss()(‘iation with Oospora Imgualu. There 
;e:‘ms to 1)(^ a sort of symliiotic association 
x'tween tlu^se two fungi. This yeast has 
•ound or oval c(‘lls, often (elongated, in which 
h(‘ buds often remain united to the mother 
*(‘11. This giv(‘S the appearance of a pseudo- 
nye(‘lium. (Fig. 151.) On glucose, levulose, 

!;lycc‘rol and (‘sp(‘cially potato decoctions, 

> 1 * fruit decoctions, after 10 hours at 37° C., 

}u‘re is good growth. Later the scum thickens and becomes gray or 
*c‘ddish. It may also bcH^orne folded with a ring. On gelatin this 
^^east forms a mucous layer, white, shining, with contours. On potato 
it forms a thin layer, dry and brown. The 
optimum temperature for budding is found 
^ ^ between 25 and 35°. 

This yeast ferments glucose and levulose. 
It is pathogenic for animals. 
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Pig, 152, --Cnjpiococcus CRYPTOCOCCUS LITHOGENES. Vuillemin 

lithogenm. 

\ to 4. Young CellH. to (I SACCHAR0MYCE8 LITHOGENES. San Fclice 

OIIh which Itjavc Uiutergone ^ ^ „ 

a^(:haikyj)cgeneratiou (after 1 his ycast was discovcrcd by San Felicc ® 
in the lymphatic ganglions of a cow which 
li(‘d from generalized carcinoma. In the animal it possesses round 
u‘Ils of variable forms and dimensions, sometimes enclosed in a 
•alcified capsule, with brilliant granules in the protoplasm (Fig. 152). 


^ Guegen, F. Sur Oospora lingualis et Cryptococcus linguae-pilosae. Arch. 
It* paraaitol. 12, 1909. 

2 Thaon, P. Symbiosc dc^ Itwure ct oospora dans un cas de langiie noire, 
oc. de Biol. 67, 1909. 

^ San Felice, F. IJeber cine fiir Thierpathogene Sprosspilzart und iiber die 
norph. Uebereinstimmung welche sie bei ihren Vorkommen in den Gesseln mit 
Krebsascidien zeigt. Centr. f. Bak., V. XVII. 1895. 
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In a culture one finds small cells with homogeneous color and with 
fine membranes intermingled with large cells containing a refractive 
body in their centers. 

On glucose broth this species forms a heavy stHliment. and v(‘ry 
often a scum. On gelatin plates the surfaces colonics are round likc‘ 
pinheads and the deep colonies Smaller and of a y tallow cohn*. In 
gelatin stabs this species forms a white moist laycT and mnnc*rous 
colonies. It does not producer li<piefaction. On potato it giv<*H a fiiu‘ 
thick pellicle. 

This yeast is pathogenic*, for guinea pigs and rabbits. 

CRYPTOCOCCUS GRANULOMATOGENES. Vuillcanin 
Syn.: saocharomycks granulomatogenks. Kan Fc*licr* 

Discovered by San K(*li(‘(* in nodules on the* lungs of pigs, this 
Cryptococcm })()ss(‘ss(*.s round or slightly oval cells with a variable* 
edge with contents (hther homogeneous or vacuolar^ and with a bright 
central granule. 

On glucose l)roth it produces a cloudiness very raj)idly, and later 
a scum. On gelatin plates it gives round white colonies. The eur- 
face, colonics are larger. On gedatin stabs it produces a white layc^r 
a little raised, accompanied along the line of inoculation by a train 
of small yellow colonies. No liquefaction is produced. On potato the 
culture is elevated and slightly grayish in color. This yeast produces 
a red pigment on honey and slices of pear. It is slightly pathogenic 
for animals. 

CRYPTOCOCCUS NIGER (Maffuci and Sirleo). Vuillcrnin 

This species was discovered l)y Maffuci and Sirleo^ in a pul- 
monary myxoma from a guinea pig inoculated with tlie liv(*r of an 
embryo coming from a tubercnilous rnothei’. In the* myxenna and in 
cultures it possesses round or oval cells with a ratlua- thich imanbrune 
and a protoplasm supplied with nuck^ar Ixxlies. The* c(*lls nanain 
attached two l)y two. 

On liquid media the vegetation forms a white* d(*poHit and no H(‘uin; 
on gelatin streaks a whitish growth is H(*(mr{*d; on gedatin stiilm a 
whitish growth but no liquefaction; on potatoc's tlu* coloni<*s are 
brown. This y(*ast i)rodiices alcoholic ferm(‘ntation in Iwvr wort and 
ferments maltose. It ckwedops between 15 and 40° O. It is patho- 
genic for animals, but only for a time. Oultures steriliml by heat 
are* toxie* fe)r guine*a pigs. 

‘ Maffucti and Sirleo. < )8.s(*rvmioni ed e8i)eriin. inttano ad tm Blastoraieerti, 
patogeno iuclusione dello stem) iiella (‘ollula dci tessuti patologiei, Polieliaico. 1H95. 
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CRYPTOCOCCUS' PLIMMERI. Costantin. ^ 

i 

This yeast was encountered by Plimmer ^ in a large number of 
(*an(*ers. 1 he cells are round (4 to 40 /x) with a double membrane. 
1 h(* c(‘lls may isolated or united to the number of from two to 
sixty. 

On li(juid media (2^;^, glucose broth and 1% tartarib acid) it forms 
a .d(‘posit at thc^ end of a few days. On gelatin added to the same 
bouillon the growth is fec'ble with no liquefaction. On agar added to 
th(‘ same li<iuid th(^ colonies are small, isolated, slightly rounded, 
whit(^ in tlu^ bt^ginning and yellow in old cultures. On potato the 
yeast devc^lofks a thicjk lay(‘r, at first white and after a time a brownish 
y(*llow. '’riiis yeast is pathogenic for guinea pigs only on intraperi- 
toneal inj(H;tion. 

CRYPTOCOCCUS CORSELLII (Corselli and Frisch). 

Neveu-Lemaire 

Isolat(‘d by (k)rsclli and Frisch* from a sarcoma in the mesenteric 
gaiiglions of a man, this yeast possesses black cells of variable di- 
numsions, slightly rounded, and agglutinated in masses. It is easily 
cultivated on g(^latin, agar, dextrose, broths, sugar jellies, neutral or 
alkalin. It poss(^ss(*s a very feeble power of fermenting, and shows a 
pathogenicity for guinea pigs, dogs and rabbits in intraperitoneal 
injections. 

CRYPTOCOCCUS DE GOTTI AND BRAZZOLA 

Syn,: atelosaccharomyces i>e gotti and brazzola. De 
Bcurmann and Gougerot 

Discovered by Gotti and Brazzola ^ in a myxosarcoma of the nasal 
passages of a horse, this yeast possesses cells of variable dimensions, 
round or slightly oval, with granular contents surrounded by a double 
membrane and a mucilaginous capsule, sometimes stratified. 

In l)Ouillon it produces clumps and on gelatin stabs a train of 
clumped masses with indented edges. On gelatin plates the colonies 

^ Costantin, Les levures des animaux, Bull, de la Soc. mycologique de France. 
V. XVIL 1901. 

® Flimrner, Vorlatifigc Notiz fiber Gewisse von Krebse isolierle Organismen 
und deren pathogene Wirkung in Thieren, Centr. f. Bakt., v. XXV, 1899. 

^ Corselli, G., and Frisch, B. Blastomiceti pathogene nelhuomo. Annali 
d’lgieno sperim., v. V, 1895, and Centr. f. Bak. v. XVIII, 1895. 

^ Gotti and Brazzola, Sopra un case di blastomicosi nasale in una cavalla. 
Memorie d. R. Ac. d. Scienze di Bologna, v. VI, 1897. 
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are white, becoming grayish yellow aHca* a long time. Aeid and 
glucose gelatin is liquefied. On glye(‘rin agar tin* eultuin^ is (‘n^ainy 
with indented borders. On poiaiotss the growth (*onsists of a thick, 
creamy, white layer which becomes brownish in old <niltun\s. This 
yeast is pathogenic for guinea pigs but not for otlua* aniinals. 


CRYPTOCOCCUS HOMINIS COSTANTINI (( ostantin). 

Vuillemin 

This yeast was isolated by CostantiiC from a cancerous tumor 
of the breast. It possesses round c(dls and is distinguislH*(l from 
Crypt, lithogenes (San Felice) in that- its (*ultur(‘s IxH’ome brown when 
old and from Sacch. tumejadem (Busse) b(‘caus(‘ its nH‘mbraiu*s iwvir 
become thick on ordinary media. 

CRYPTOCOCCUS EXEINIL h]rieli (k>hn 

This species was discovered l)y KI(‘in in milk, in whicdi it was ac- 
companied by various pathogenic bactcaau. It has siiua* la^tm Umnd 
by Erich Cohn.^ The cells are globular, from 2 to h p in size, with 
homogeneous contents, thin membrane, and surrounded l>y a hyalin 
capsule. The capsule persists but becomes smalka* in cultur(‘H. ''bhis 
yeast is easily cultivated on beer wort agar. It dovH not fm’ment 
dextrose, maltose, or lactose nor Ikiuefy g(^latin. 



CRYPTOCOCCUS ANOBIL Esdmidi 

This species was found by Escherich® in tlu^ c(‘11h of the* int(‘Htinal 
wall of the larva of Anoldutn panuTum. Thc^ (‘ells 
0\. Ii(l are pear shaped or club shaped, from 3.5 to 4p in 
size, with center provided with n‘f ratdive granules 
Fig. 153. — Crypto- 153). In cultuHi it forms a pstaido-mytadium 
weemArwhiii^hev made up of cells sharxKl like a Bausagt\ 

This yeast is easily eultivati'd in .OH,’' of sae- 
charose, liquid or solid (gelatin or agar). On gelatin it gives round 
colonies with no liquefaction. 

> Costantin. Les levures des animaux. Bull, de Mycologie de France, v. 
XVII, 1901. 

2 Erich Cohn. Enters, iiber eine neue thierpathogone llefc'art (Hefe Klein). 
Centr. f. Bak., v. XXXI, 1902. 

“ Eschench. Ueber das regelmassige Vorkommen von Sprosspilzcuj in den 
Epithemis Kasers. Biol. Centr., v. XX, 1900. 
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CRYPTOCOCCUS PARASITARIS (Trabut) Vuillemin^ 

Kyn.: saccharomyces parasitaris. Trabut 

DiscovorcHl l)y Trabut on the grasshopper {Acridiuyn peregrinum), 
upon which it is a parasite, this species has round cells, 3 to 4/x, 
provided with refractive droplets. It does not ferment dextrose. 

CRYPTOCOCCUS PSORIARIS. Rivolta 
Syn.: saccharomyces psoriasis. Cattaneo 

This yeast., (ai(H)unt(n*(Hl by Rivolta ^ in a case of dermititis, has 
round (nils from 28 to 30 ;u, a double membrane, and is often united 
in chains (^f () to 8 cells. 

CRYPTOCOCCUS CAPELLITIL Vuillemin 
SijN ,: sa(h;har()myces capillitii. Oudemans and Pekelharing 

This y(‘ast has becai dc'scribed l)y Baccardo ^ as a spherical yeast 
from 2.5 to 8/x in dianuder, of a homogeneous color, with a thick 
m(nnbran^^ It s(H'ms to bud. Blanchard considers it an Oomycetej 
and (}ueg(‘n tliinks that it is more closely related to the Algae. 

CRYPTOCOCCUS OVALIS. Vuillemin 
saccharomyces ovalis. Bizzozero 

This organism was discov(u*(Hl by Malasses. The cells are shaped 
lik<‘ a gourd (3.3 to 3.5 x 2.3 to 2.6 /x). They are made up of a large 
part sunnount(*d by a bud. The membrane is thin and the contents 
iiududc^ a larg(‘ l)rilliant granule. Bizzozero considers this parasite 
as a y(‘ast and giv(\s the name of Saccharomyces ovalis to it. It has 
not bc*(‘n secunnl in (nilture. It was found in association with the pre- 
cc^ding sp(H‘i(‘s and according to Saccardo may be another form of it. 
Th(^ r(‘C(ait r<‘S(^ar(dK\s of DokP seem to indicate that this organism 
may not a yeast l)ut a bacterium. 

CRYPTOCOCCUS CAVICOLA. Arthault 

I'his species has been found by Stephen Arthault ^ in a pulmonary 
cavity. It is cultivated on potato and on agar, giving moist colonies, 

* (Uu'‘g(xi, F., Ij(' 8 champignons parasites de Phomme et des animaux, Th^se 
agrfig. Fharmaci(', Paris, 1902. 

* RivoKa, Parasiti vegetali, 18-73. 

® Saccardo, P. A., Sylloge fangorum, v. VII, p. 921. 

^ Bold, IL On the so-called Bacillus (Dermatophyton Malasserzi). Para- 
si tolog. 3, 1910. 

® Arthault, Flore et faune des cavemes pulmonaires, Arch. d. Paras., 1899. 
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thick, with a reddish color. They rcseiuble very much the cultures 
of Bacillus pTodigiosus. The cells arc siuall and oval, fioiu 8 to 12 p 
long. This ydast is closely related to Crypt, glutinu^ and may ixt- 
haps be a variety of it. 

CRYPTOCOCCUS NEOFORMANS. San VvYice * 

This yeast was found by San Felice on hM-nu^nting fruits. The 
cells are of variable dimensions; sonn^ of them have a rc^fractivc^ 
granule in the center. In the small c(‘Ils tlu‘ c(*nter is homogcaio- 
ous. In the large ones one finds a ccmtral hyalini‘ part with a veay 
refractive peripheral ring. 

This yeast develops on ordinary substanc(‘S. On gc‘latin plut(»H 
the surface colonies are different from those down in the media. 
The surface colonies are large lik(‘. tlu^ luaid of a pin. Tluy are 
quite round and form projections on th(‘ surface of th(‘ uHalin. I'he 
deep colonies are somewhat spherical with a v(ay contour. ( i(‘latin 
is not liquefied. The colonies on agar liave th(" sann^ app(‘aranc(^ 
Growth on gelatin stabs develops as much along tlu' lint‘ of inocula- 
tion as along the surface. There is no li(iu(‘factiun. 

This yeast is pathogenic and ea\is(\s tumors in animals. 

CRYPTOCOCCUS OF CLERC AND SARTORY^ 

This species found in' chronic angina luis (‘longat(*d oval c(‘11h, from 
7 to 10 /X by 5 /.t in size, isolated or in groups of five or six. Buckling 
may take place at one of the ends. Th(‘ cells (‘asily tuk(‘ various 
colors and arc not decolorized by tlui Gram m(‘thod of Htaining. TIh^ 
optimum temperature for budding is 30'* G. The* ytaist vt‘g(*tat (‘H 
easily on all the usual media and especially on shears of (*arrot. It 
does not liquefy gelatin, coa^ulatc's milk, and h'nncaits lactost* l)ut 
not galactose. It secretes invertase, produce’s alcoholic fcTmentation of 
dextrose, but does not hydrolize stanch. PoHH(‘SH(‘d of a wry fe(’l)l(^ 
virulence, it is able under certain conditions, to live, in thc^ animal 
organism and cause localized and curable k'sions. 

BLASTOMYCES HESSLERI. Red iger 

Found by Rettger^ in an abscess on the chin, this yeast dewekqiB 
quickly in most of the media at blood heat, but coidrary to (U’di- 

^ San Felice, F., Ueber die pathogene Wirkung dcr Sprosspike, Zuglcicli cin 
Beitrag zur Aetiologie der bosartigen Geschwalste. Cmiv. f. liakt. v. XVII, 1H95. 

2 Clerc, A., and Sartory, A., Eltude biologique dhine iiiok‘C an cours 

d'une angine chronique, C. E. de la Soc. de Biologic, v, XIX, 1908. 

® Rettger, A. Contribution to the study of pathogenic yeasts, Centr. f. 
Bak., V. XXXVI, 1904. 
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nary yeast, it does not prefer an acid medium. It resembles Cr. 
Kleinii, l)ut differs by a certain number of “ characteristics which 
caused the author to regard it as a new species. This yeast is patho- 
genic to animals. 


CRYPTOCOCCUS RUBER. Vuillemin 
f\yri.: sa-CCHaromyces buber. Demme 


This yeast wm isolated l)y Dernrne^ from cow's milk, from the 
urine of a dialKdic man and from diarrhoeic stools of an infant fed 
on milk. It forms a rcnl laycT on the sides of wooden pails which are 
uh(h 1 for milking. D(‘mme has found it on dry leaves from Hayti. 
It was siudi(‘d lat(‘r by (^tusagrandi. 

It is a y('ast, round or slightly oval (Pig. 154), with a red or rasp- 
berry color. On g(‘hitin it gives elevated growth. At the beginning 
the g(4atin is not liqu('fi(‘d, but this change is 
accomplishcHl in about (‘ight months, according 
to Oasagrandi. According to Demme, Cr. ruber 
provokes an alcioholic fermentation, but this 
property is soon lost by continued culturing on 
alkalin nunlia. Gixsagrandi has not been able to 
obsirve^ it. 

This y(‘ast develops easily on glucose or 
glycerol agar and on potato. The optimum 
tempia^ature for l)udding is situated between 18 
and 22\ 



Fig. 154. — Cryptococcus 
ruber a, Ghlamydo- 
spore (after Vuillemin). 


According to the rescarclu's of the above-mentioned investigators 
Cr. ruber is piithogcaiic. Introduced into the alimentary canal it pro- 
duces symptoms of gastric (uiteritis. Subcutaneous or intraperitoneal 
injection causes the formation of a tubercle. Vuillemin ^ has shown 
that tlie fungus isolated by Bra from different cancers is related to Cr. 
rvb&r^ and this latter seems to be related to Cr. cavicola of Stephen 
Arthault. 


CRYPTOCOCCUS GUILLIERMONDI. Beauverie and Lesieur ® 

Tliis was isolated by Guilliermond and Lesieur from human sputum 
during tiic course of a secondary cancer of the lungs. This yeast 

» Demme, R., Saccharomyces ruber, Aim. de micrographie, 1889, and Annali 
d’lgyene sporim., v. XVII, 1897. 

» Vuillemin P. Cancer et tumeurs v6gdtales. Bull, des stances de la Soc. dea 
Scaonces do Nancy, 1900. 

> Beauverie, J., and Lesieur, C. Etude de quelquea leyures rencontrees chez 
I’homme dans certains exsudates pathologiques. Jour, physiol, et pathol. generate. 
14 (1912) 983-1008. 
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exists as solitary cells or grouped in two; they are round or oval with 
a thick membrane without a capsule (3-5 /x X 2.8 •4.3/x). 

In old cultures, the cells often present almonnal forms, eithcT 
sausage shaped or in chains, the cells of which mv (aipal)l(^ of braiu^hing 
into a rudimentary mycelium; there are also a numlxa- of giant e(‘lls 
present. The yeast develops easily and al)undantly in most nutritives 
media. On carrot, small, round colonies iiiv. produca'd wlmh h(HH)nH^ 
confluent but irregular and viscous. On potato, tlu' growth is f(‘(*l)l(‘ 
with very small, white, dry colonic^s. 

On agar plates, vegetation is abundant as a viscous !ay(‘r with 
irregular edges becoming yellow. There is no liepufaction. 

On fruit juices, glucose or saccharose solutions, th(a*(* is fcadile 
development as sediment. No scum is fonne^d. On Haulin’s fluid, 
there is scant development as a deposit with spht'Hcal C(41s (3.5 x f>. 1 m)- 

CRYPTOCOCCUS LESIEURI. Bc^aiivtaie and Lc'sicmr 

This yeast was isolated from an ulcer of tlu^ stomach during a 
complication with typhoid fever. On lann* wort, it has vtuy small 
rounded or oval cells (2-3 /x). These may (‘longatc^ and bt'c^ome 
curled. The elongated cells are also found unitc^l in filamcads. 
On beer wort agar, the yeast shows a wlut(^ cr(‘amy (‘olony witli the* 
surface finely folded. It develops at 27- 37^0. On bec^r wort. aft(u* 9 
hours there is a delicate ring with floating islands of scann. Only 
dextrose is fermented. Animal inoculation luis not yielded i)OKitive 
results. 

CRYPTOCOCCUS SULFUREUS. Beau verier and Lt'sieur 

This yeast was isolated from a pharyngeal exudates during an at- 
tack of typhoid fever. On carrot, th(i cells are elongated, Boimdimc^H 
round (2-8 /x in diameter). This yeast dtwelops well at 25® (I 37 -'(I 
There is a ring formed on beer wort after 23 hours. D(^xtros(*, lactose 
and saccharose are fermented slightly. On wort agar, the (colonies are 
white with a shiny surface and rounded edge. 

CRYPTOCOCCUS ROGER!. Sartory and Demanche 

This yeast was isolated from a peritonitis caused by a perforation 
of the stomach. The cells are long (3-10 X 2-3 /x). 

This yeast is pathogenic for the rabbit and guinea pig. It vege- 
tates on most of the culture media. It was also found by Beauverie 
and Lesieur in the pharyngeal exudate of typhoid fever. 
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CRYPTOCOCCUS SALMONEUS. Sartory 

This sp(‘(U(\s was found by Sartory ^ with Oidium lactiSj in various 
spcMnincuis of gastric^ (H)ntents in hyperacidity. Of 17 of these juices 
13 gave (5ultur(\s of this ycuist. It is a yeast quite closely related to 
8. roHacem with a bc^autiful deep rose color in which the tint varies 
with tlu^ tc^inpcu'ai ure and tlu^ culture medium. The cells are spherical, 
averaging from six i.o eight microns in diameter. 

Th(^ optimum t,(unp<‘rat-ur(^ for budding is situated between 22 
and 2r)®('.; howcwc^r, th{‘ yeast (Uwelops from 15 to 34°. In this lat- 
ter case th(^ ros(‘ color turns to a j)ale tint and becomes very feeble 
at 39°, Betwe(‘n 40 and 41° the; yeast ceases to vegetate. 

This yeast forms a rosc^-colon^d scum on glycerol broth at tempera- 
tures b(4.w(H‘n 15 and 38°. The most favorable temperature for the 
formation of scum is b(4.we(m 26 and 28°. The cells of young scums 
differ a little^ from tlu^ c(‘lls in the sediment, but in old ones they be- 
comes (4oiigat,c‘d or sausag(i shaped and one begins to notice structures 
like a my(!c4ium. The deposit at the bottom of the culture flask is 
made up almost (uitin4y of spherical cells only. 

Cr, Halmonem is (^asily cultivatcxl on all solid media (gelatin, agar, 
potato, (uirrot). It. also d(W(4ops easily on the various liquid media. 
The pigm(‘nt is solubk^ in carbon bisulfide, benzine, chloroform, ethyl 
tdcohol, etluu’, acetone and is insoluble in methyl alcohol. 

This yi^asi H(Ha<‘t(‘H inv(U‘tose l)ut doc^s not produce alcoholic fer- 
mentation, It is without action on dextrose, maltose, d-galactose, 
Htur(‘h or inulin. It i)recipitates caseine in 18 days but does not pep- 
temize^ the curd. It is not pathogenic for guinea pigs, rabbits and 
dogs. 

LE DANTEC^S^ YEAST. 

It was discoven^I in a stool from Sprue (chronic diarrhoea of a 
warm (!limat<0 i^i^l acjcording to Le Dantcc seems to be the cause of this 
Hiekn<*HH. The y(‘ast h^rments glucose broth and does not liquefy 
g(4aiin. In a<‘rol)ic nuKlia it grows especially like yeasts; cultivated 
in aimcu’obic media it presents somewhat the form of a mycelium. 

SACCHAROMYCES MEMBRANOGENES. Steinhaus" 

This yeast was found by Steinhaus in a child attacked by scarlatina 
who presented the phenomena of tracheal stenosis. Fragments of 

* Sartory, A., Cryptococcus salmoneus, Bull, de la Soc. myc. de France, v. 
XXin, BK)7. 

^ I^ Dantec, A., Presence d’une levure dans la Sprue, C. R. Soc. Biol., v. 

Lxiv, im 

* Steinhaus, F., Untcrsuch. iiber einc neue Menschen und Thierpathogene 
Hefeart, Centr, f. Bakt.. v, XLIII, 190(). 
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membrane taken from the trachea gave oa inocnilatioii tlu^ culture of 
this yeast. 

It is a yeast with round cells, globular in sha|H‘, with a nnldLsh 
pigment, and sometimes it is very larger. Oftt^n tlu^ (‘c^lls are pear 
shaped and bud. The bud appears at oiu^ (aid of th(‘ evil, whieli hv- 
comes pointed, but the budding is also ue(Han]dislu‘d us in otluu* 
yeasts at some otluir point on the evil, tu^lls havc^ a doulih^ 

wall, very fine and granular (uaiUaits, with som(‘tinH‘s one or two 
bright granules. In membranes taken from tlu* traela^u, lhc‘ e(‘ILs arc* 
surrounded by a largo capsule; this <‘apsul(‘ appt^ars in eulturcss fn‘slily 
taken from the organs attacdccul and in V(*ry old culture's, hut in gen- 
eral does not exist in cultur(*s. 

This yeast develops easily on acid substrate*, ('sjuanally on agar 
and beer wort. At the emd of 12 days it forninwhitt* eolonic's, moist, 
round, confluent and bcicoming brown in old eullurc's. In pc'ptonc* 
broth it causes a cloudirwss and latiT a d('li(*at(* pnadpitute in the* 
bottom. Still later it caust^s a floccnilent dc'posit at tin* bottom of thc^ 
culture flask. On gelatin stivaks it prochuM's a white*, moist growth; 
on stabs the growth is (^stablislmd along the* line* of inoculation with 
fine, round, isolated colonies. On tlu’i surface* it forms a sort of a 
button. On gelatin plates the colonit's an^ round and white*. On 
dextrose agar there is a production of gas, but no gas is fonncnl in 
manose, maltose or saccharose agar. On hvvr wort tlu* growth (con- 
sists of a dry grayish-white layc'r of round (*onfiuent. colonit's. 

This yeast is very pathogenic for rabl)itH. 

ATELOSACCHAROMYCES OF HUDELO. Dc* Bc*urmann 
and Gougerot 

This yeast was found by Hudelo, Duval and Ix>(Hk*ridi in a human 
Saccharomycosis, manifested espcxnally l>y a pc'riostitis of th(^ tibia. 
The cells are refractive, spherical (2-20/x in diam(*t.(*r), somet imc*B oval 
or elongated into short 8ausage-shap(*d c(*11k. No fdam(*nts ar(^ formed. 

The species grows easily in ordinary nu*dia, (‘sjH'cially on carbo- 
hydrate media with slight acid. The optimum lt‘mp(*raiure is situated 
at about 22®, but growth is accomplished (*V£*n up to 38®. On carbo- 
hydrate agar white streaks are formed which are opaque and moist; on 
gelatin there is meager development with no liciuefacdion; on potato 
whitish streaks are formed, later becoming ochre colored, and finally 
a reddish black pellicle is formed. 

This yeast inverts saccharose, but does not decompose lactose. 

1 Hudelo, Duval and Loederich, Tin cas de Blastomyeose a foyers multiples. 
Bull, et mem, de la Soc. de med. des hop. de Paris, 1006. 
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t docs not fenncnt dextrose or maltose. It is pathogenic for mice, 
ess pathogenic for rats, guinea pigs, rabbits and dogs. Intraperi- 
oncal injection causes fatal septicemia in mice. 

ATELOSACCHAROMYCES OF BREWER AND WOOD 

De Reurmann and Gougerot 

This yeast was isolated by Brewer and Wood from a human 
>last,()myc()sis. In dtu the cells are spherical (10-25 ^ in diameter) 
ind are surrounded by a large mucilaginous capsule. In culture no 
ilaments arc^ formed, but tlie cells sometimes remain united in short 
jhains in old cult.ures. On glycerol agar the growth is small and gives 
!;rayisli wliite colonies. On agar plates development is very abun- 
lant on the surface in a creamy yellow mass. On potato growth is 
lifficult. On gelatin there is no liquefaction. The species grows 
lifficultly in licpiid media and produces no fermentation. 

ATELOSACCHAROMYCES HARTERI (Harter^) 

De Beurmann and Gougerot 

This yeast was isolated by Harter from a generalized human 
laccliaromycosis. The cells are oval or elliptical, rather spherical 
'4-X5/X by 3~5/x). On solid media and on Raulin^s solution sometimes 
elongated units are obscawed, but never filaments, properly speaking. 

On old cultun^a on carrot certain cells become round and very 
/•oluminous (5-8/x in diameter). These are probably durable cells or 
dilamydospores. 

The yemi grows well at 37° at laboratory temperatures. The 
^rowtii (Haases, however, at about 10°. The cells withstand 55°, but 
ire killed in a (juartcr of an hour at 65° in moist condition. 

On g(4atin development is small and less abundant, white, granu- 
ar, and pcaietrating into the medium with arborescent structure, 
riun'c is no liquefaction on gelatin. On 1% glucose gelatin develop- 
lumt is a little mor(‘ abundant. On plain agar development is feeble 
ind slow. On glycerol gelatin there is abundant growth with a pro- 
lu(4ion of a downy appearance at depths. On glucose or maltose 
igar there is abundant development of a white, creamy growth. On 
>lood serum there is very meager growth. On carrot there is abun- 
lant development, quickly covering the whole surface with a creamy, 
vhite, thick, granular layer. On potato growth is grayish white, dry 
md not very abundant. The yeast inverts saccharose very slightly, 
>ut does not give any fennentation. 

* Brewer and Wood, C., IMastomycosis of the spine. Annals of Surgery, 1908. 

^ Harter, G., De la blastomycose humaine. These de medecine. Nancy, 
.909. 
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MERCIER'S^ YEAST 

This yeast was found by Mercier in the Blattes {Periplaneta 
orientalis) in which the cells existed in the adipose tissue under the 
form of round units, sometimes oval, with a very finely developed 
membrane. The parasite grows on bouillon and gelatin media. The 
colonies are white. The optimum temperature for budding is from 
22 to 25° C.‘ 

SACCHAROMYCES CONOMELI LIMBATL Karel Sulc ^ 

This yeast has been found by Sulc in the pseudovitellius of an 
Homoptera Conomelus limhatus. The cells are elliptical or oval, 
some biscuit shaped having an alveolar content with small meta- 
chromatic granules in the vacuoles, and a little central or parietal 
nucleus. The buds form toward the end. The cells are often united 
two by two. 

Sulc has also found Sack, pseudococci farinosi which lives in the 
pseudovitellius on another Homoptera, Pseudococcus farinosus. These 
yeasts probably live symbiotically with the insect. 

A great many other yeasts have been described in different in- 
fections of men and animals; for instance, Maggiora and Gradenigo 
have isolated in a case of otitis S. roseus; Domingos Freire has ob- 
served in a case of yellow fever the presence of Cr. xanthenicus; 
Flava has found in a case of variola the Cr. albus. On the other hand 
Goetano has isolated the Cr. septicus which causes a rapid fatal sep- 
ticemia in guinea pigs. Castellani has described in various tropical 
blastomyces S. cantliei, Sambonij and Kruseij also Cr. Lowi. San 
Felice has isolated S. cards I and II which provoke tumors in a dog. 
Finally, Dangeard has pointed out in the bodies of Anguillules the 
S. anguillulae which causes in these animals a very deadly malady. 
However, the morphological and biological characters of these yeasts 
have not been described; for that reason there will be no description 
of them at this time. 

1 Mercier, L., Un organisme a forme levure, parasite de la Blatte. C. R. de 
la Soc. de BioL, v. LX, 1906. 

2 Karel Sulc, Pseudovitellius und ahnliche Gewebe der Homopteren sind 
wohnstatten symbiotischer Saccharomyceten, Sitzungsberichte der Konig. Bohm. 
Gesellsch. der Wissenschaften in Prag, March 30, 1910. 
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FUNGI RELATED TO THE YEASTS 

[ T is deemed advisabk^ to considc'ir, at this time, a few of the fungi 
belonging to tlu^ family Endornyces ^ or in a doubtful position 
such as the MonUia and Pi^cudornoriilia; these arci set apart from 
.e yeast l)y th(^ great(a* (toin])l(^xity of th(‘ir mycelium but the physio- 
gical and certain of their Tnorphological characteristics resemble 
:)S(^ly tht^ SaccharomycetcH from which, at times, they are separated 
ith difficulty. 

ENDOMYCES ALBICANS. Vuillemin 

/n.: APOttOTurcHUM guuby oidium albicans. Robin. — syringo- 
SPOR.\ EOBINt. (iuiuquaud. — SACCHAROMYCES ALBICANS. RcCSS. 
“ MONILIA ALBICANS. Plaufc. — DBMATIUM ALBICANS. LaurCnt 

This fungus, which causes a sickness known as thrush, has been 
gard(Kl in turn as an OidiimL, a Monilia and a yeast. Since the work 
Vuillemin it has bcuai regairded as a member of the genus Endo-- 
yces. In situ and in cultures, Endomyces alhicons has somewhat the 
me characteristics. It po8S(‘8S(‘S a mycelium with cross walls and 
anches more or I(\ss well devedopod; yeast structures result by biid- 
ng from the branches. (Fig. 155, 1 and 2.) The mycelium never 
quires a marked difhjrentiation and Endomyces albicans j speaking 
nerally, is close to the yeasts. Both structures, yeast -like and myce- 
im, are able to change one into tlic other. The filaments seem able 
form the yeast-like })odics and these latter the filaments. Myce- 
im formations ai’e more or less W(dl developed, depending on the 
Editions. In certain culi-urcs the yeast-like structures predominate 

^ The genus Emknaycfi^ is cbaractorized by a t 3 ''pical branched mycelium 
th cross walls, forming yeast -like bodies or oidia and chlamydospores, and 
th ascs containing 4 ascosporcs. These are formed always at the expense of 
tB in the mycelium, most often at the end of a branch, exceptionally in some 
1 in the mycelium. In certain species, the formation of the asc is preceded by a 
pulation iso- or heterogamic. The genus Endoviyces is differentiated from the 
ccharomyces by the formation of a typical mycelium and the formation of 
:;s in mycelial cells and never in the yeast-like structures. However, certain 
:icies have {Erid. javanensis) intermediate characters between the Endomyces 
d Sacckaromycetes which makes it difficult to class them with either one of 
2 se two families. 
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with the mycelium reduced to its simplest form. In other media 
the filaments are most common. Cultures on slices of carrot have 
quite a development of mycelium while in Raulin’s solution growth is 
almost solely of the yeast-like structures. According to Roux and 
Linossier/ the yeast structure is the normal one while the mycelial 
form appears only under conditions which reduce the vitality. Ac- 
cording to Vuillemin, on the contrary, the filamentous form is tlie one 
which is normal and the yeast-like form appears only under bad condi- 
tions of food supply. The yeast-like struc- 
tures are spherical, oval or elongated, and of 
variable dimensions. On Raulin^s solution 
they become rather large and appear as large 
spherical cells somewhat resembling those of 
S. cerevisiae (Raj at ^). Guilliermond has 
shown that the units of the filaments contain 
ordinarily a single nucleus, rarely more, and 
the yeasts are always uni-nuclear. This has 
been confirmed by H. Penau.^ 

Roux and Linossier, and later Vuillemin, 
have established in old cultures the production 
of very resistant forms comparable to chlamy- 
dospores. These, which have received the 
name of chronispores or chlamydospores, de- 
velop at the end of certain filaments in the 
form of distended cells filled with glycogen and 
surrounded with a thick membrane with thr(‘e 
superimposed layers (Fig. 152, .4). Changed to different media, th(‘se 
chlamydospores germinate and produce yeasts or filaments. 

Vuillemin has described, on the other hand, internal globules, 
(Fig. 155, 3) absolutely analogous in appearance to yeasts, which form 
on the interior of the filaments. The author considers them as re- 
sistant forms. 

In our opinion, these internal bodies may be similar to tliose which 
are commonly found among the fungi. Ther(^ arc^, here and tlua-c^, the 
formation of yeasts or conidial forms, in the interior of an inter- 
calary unit, with degenerating contents, by the budding of a contiguous 
unit. This latter buds in the interior of a dc'ad unit which is near 



Fig. 155. — Yeast Forms 
from a Case of Thrush. 

2, Mycelial Forma from a Case 
of Thrush; 3, Internal Glob- 
ules; 4, Chronispores; 5, Asca 
(after Vuillemin). 


1 Roux, G., and Linossier, G. Rech. morph, sur le champ, du Muguc^t. Arch, 
de Med. experim. 1890. 

2 Rajat, H., Le champ, du Muguet. ''rhc'^sii di* do(‘t.. en medicine, Lyon, 1909. 
^ Penau, H., Cytologic do L'Knd. ulhii'ans formic levurc, v. CJLII, IIKX), and 

Cytologic de FEnd. albicans forme myceliouue. C. R. A<\ des Sciences, v. CLIL 
1910. 
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the cells which are derived from the budding live parasitically 
n the protoplasm about it until their growth breaks it. Analogous 
)rmations are frequent among the Endomycetes. Rose has described 
lem in Endoniyces magnum. 

The ascs of E. albicans were accidentally discovered by Vuillemin 
n old cultures on beets, without which this author would have been 
nal)le to determine the conditions for their formation. The ascs appear 
s large, oval or elliptical c(dls, 4-5 /x in diameter, formed by lateral 
udding, or at the terminal of the units of the mycelia, or sometimes 
erivcKl by germination of the chlarnydospore. They possess mem- 
ran(!i enclosing four flattened ascospores, slightly kidney shaped, 
nth thick walls (Fig. 155, 5). The germination has not been 
bserved. The pn^sence of these ascospores has allowed Vuillemin to 
lassify tlie fungus for thrush in the genus Endomyces. 

Th(^s(^ aH(^s hav(* only beem observed by Vuillemin and Daiereuva.^ 
J1 the aut hors who have searched since to obtain them, have failed in 
[leir attempts. Also certain authors have thought that there might 
Kist many vari(^ties of E. albicans, some of which have preserved 
tieir sporogenic prop(Tti('s (Cuegen, Rajat). 

This opinion seems t.o 1)C still further confirmed. Rajat has iso- 
ited three varieties of the fungus of thrush. One of these corre- 
ponds by its morphological and chemical characteristics to that species 
escrilxHl by Vuilkunin although it has not shown the formation of 
8C8- The otheu’ two types present morphological characteristics 
ery different from the type species. 

Bcauverie and Lesieur have isolated from the blood of a fatal 
^pticemia a variety of Endomyces albicans. This is distinguished 
rom the type species by the fact that it ferments lactose and exhibits 
ifferent cultural characteristics on carrot. (Jastelanni^ has more 
[^cently shown the plurality of the thrush fungus. He has isolated 
9 different fungi from thrush cases. He also separated a number of 
ew races of the thrush fungus. 

All of these fungi belong to the genus Monilia and may be dif- 
^rentiated by their biochemical characteristics. Guilliermond iso- 
ited three types of the thrush fungus from infections at hospital 
lo. 101 during the war, at Lyon, Two of these belonged to the genus 
ionilia and the third was a typical saccharomyces, with ascs but 
ot corresponding to Saccharomyces anginae of Troisier and Alchalme. 

^ Daiereuva, M., Rech. sur le champ, du Muguet. Th^se de m<Sdecine Nancy, 

m. 

^ Castelanni, A. The plurality of species of the so-called thrush fungus 
Champignon du muguet) of temperate climates. Annals de ITnstitute Pasteur 
} ( 1916 ), 149 . 
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E, albicans develops between 20 and and Kn>ws on solid or 

liquid media slightly acid; no scum is prodman! on tlu‘ surface of 
liquid media. On carbohydrate liquid media aiul fruit juict^s it gives 
a slight growth with a flocculent sediment. On gc^latin platt‘H the colo- 
nies are round, white and creamy, and it produ('(‘s litpiefadion of the 
gelatin. In gelatin stabs development is slight ami .supta-fHaal. On 
agar the fungus produces a white line which thickens tt» a cn^aimy layer 
at first thick then honeycombed. On potato it gives small (‘oloni(^s 
of a dirty white color and on carrot creamy whitt^ and ft>ldt‘d growth. 
It grows with difficulty in milk, which it coaguIat(‘H in 20 to 30 days, 
E. albicans causes a slight fermentation of dt‘xtroH(^ 

Anderson has mentioned the v(‘ry frecpuait pnwaua^ in the human 
intestines of a fungus very closc'ly n^lattal to JCtidimujccH alhimns 
to which he has given the name of ParuHacvliaroffujevH Ashfordii. 


PARASACCHAROMYCES ASHFORDH. Amh^mm * 

^‘Morphology. In young cultures (u^lls round or slightly caatl; 
in old cultures cells are of many forms: oval, (‘longatial, ellipti(‘al, 
round, or irregular; giant cells are common. H(‘ptat(^ mycelium d(^- 
velops in gelatin hanging-drop and in old (‘ultun^s. Budding occurs 
from any point on the young cells, but usually m^ar th(" (unds of arti(;I(^B 
in old cultures. The size is 4.5 x 5jx. 

“ Cultural Characters. On glucose agar tin* stn^ak is filiform, raiscHl, 
glistening, chalk-white and smooth; later tlu* (urntral portiotit may Ihv 
come rugose or pitted; the edge of the Btr(*ak may nanain (mtire or 
may become decidedly filamentous, due* to the outward growing hyphal 
elements under the surface of the medium. Th(‘r(* is a growt h in g(4at in 
stab at first filiform, later it develops Hcatt(*r(‘d, bushy (»luHtiu*H of fila- 
ments. In liquid sugar mediums and he(*r wort, a v(*ry (*vidimt ring 
formation occurs; no pellicle is present. 

“Physiologic Properties. It ferments glu(‘OH(*, maltose and 1c*vu1ohc*; 
occasionally sucrose and galactose are ferm(mt(*d. Y(‘ast-wat(*r sugar 
mediums, with an initial acidity of -h 1, beconu* itiore alkaline*. Litmus 
milk is rendered alkaline in 2 weeks, but is not clotted, (lelatin is 
rarely liquefied. 

'^The culture was isolated from a sprue patient by Dr. B. K. 
Ashford in Porto Rico. 

“ This species strongly resembles the fungus variously calhnl Oidium 
albicans. Monilia albicans, and Endomyces albicans, ('astellani (T6) 
has, however, reserved the name Monilia albicans for a sp(*(U(*H which 

^ Anderson, H. W. Yeast-like fungi of the human intcjstinal tra<jt. Jour. 
Infectious Diseases 21 (1917) 341-386. 
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T/ays clots milk and liquefies gelatin. Monilia albicans, Oidium 
'bicans and Endomyces albicans are synonyms, and if Vuillimin^s (’99) 
isults are accepted and are of general application to all of these, the 
)rrect name for the species is Endomyces albicans, since he states 
lat this species forms asci after the manner of other species of the 
3nus Endomyces. Since all efforts to develop the perfect stage of 
le sprue organism, both by Dr. Ashford and myself, ended in failure 
ad since it differs in many of its physiologic characters from the typical 
Indomyces albicans, it has been thought best to give it specific rank 
ither than to regard it as a variety of Endomyces albicans.” 


PARASACCHAROMYCES THOMASII. Anderson i 


^^Morphology, In young cultures, cells are elliptical or ovate; 
1 old cultures, surface cells are round, oval, elliptical, or elongated; 
ibmedial cells form a distinct mycelium mostly by elongation of cells 
reduced by budding. There is occasional septation in gelatin hang- 
ig-drop. Budding occurs 
'om ends or shoulders. 

'he size is 3.5 x 5 /x. 

'' Cultural Characters, 

>n glucose agar the streak 
5, at first, white, glistening, 
onvex, and smooth; later 
tie surface becomes rugose 
dth a decidedly elevated Fig. 155-B. 
idge down the center. 

► 1, Cells from Young Beer Wort Culture; a, Elongated Cells 

>eneat/n Xlie suriace Ot tlie, Forming a Pseudo-mycellum Beneath the Surface of 






- Parasaccharomyces 
derson. 


Thomasii, An- 


ledium the radiating hy- 
hae form a villous fringe. 


Agar Slant; b, Cells from the Surface of the Same Culture. 

In beer wort and hquid sugar mediums 


.0 pellicle or ring is present. In gelatin-stab cultures the growth is 
nely villous. Giant colonies in beer wort gelatin are decidedly yellow 
1 color and otherwise very characteristic. 

“Physiologic Properties, Slow fermentation of glucose, levulose 
nd maltose. In litmus milk there is a decided alkaline reaction. 

The culture was isolated from human feces. 

“ The species is similar to Parasaccharomyces Ashfordii in its physi- 
logic properties. It differs mainly in its morphologic characters 
nd the type of giant colonies produced. The yellow, rugose colony 
a beer wort gelatin is especially characteristic and easily distinguishes 
a this species from P. Ashfordii.” 

1 Anderson, H. W. Yeast-like fungi of the human intestinal tract. Jour, 
ofectious Diseases 21 (1917) 341-386. 
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ENDOMYCES LINDNERI. Saito 

This yeast was isolated from Chinese yeast by Saito. This Chinese 
yeast was used in the preparation of beer. It has the sanu^ inorplio 
logical characteristics as Endomyces jihuUger; the ascs arc' oftc'n fonnc'd, 
as in Endomyces liger, from an anastomosis taking plac'c hc'twc'c'ii two 
cells in the mycelium. Maugenot has shown that thc'sc' anastomoscvs 
are analogous to those which have l)een dc'serilx'd for Endomyces 
fibuliger and never result from a copulation. Tlu\v rc'pi'c'sc'nt. what is 
left of an ancestral sexuality. Endomyces Lindncri is very (‘losc'ly 
related to Endomyces fibuliger and is distinguished from this gcmus 
only by the fact that it ferments maltose and dc^xtrosc^ on winch 
Endomyces fibuliger has no action. 

ENDOMYCES HORDE! 8aito 

Saito has isolated an organism which i)oss(‘ss(‘s (‘C'rtain ehnracter- 
istics of a Monilia witli fragmemts of my- 
cedium with cross walls forming yc'jist-like 
structinus as {‘onidia. Wlu'u inocnilatc'd 
intonuHlia, these germinate' into a budding 
mycelium. In the' scxlimcait, they dc'vcdoj) 
especially as yc'asts. Thc' mycxdium is also 
able to bre^ak up into fragments like* oidia 
in old cnilturc's. Tin* ascjs aj)iu‘ar in old cul- 
tures on agar and gedatin. On plate* e*ul- 
tures, they form in gre'at numbers at the* 
end of three days. They are* forme*d by 
budding of the units of the* mye*e*lium und(*r 
the form of large round e*(*l!s (i) 12/^). The 
ascospores are to the* numbe*r of from 2 to 
4 pe^r asc, and are* hat shapexl (3 4/x). 
They arc providc'd with an e*xosporium 
and an endosporiuiti. During g(*rmination 
the exosporium l)re*aks and the* aseosporc* 
germinates by ordinary budding. 

The growth on plate's is imde*r the* 
form of small moist patclu's with filame'nts. 
On be(*r wort or de*(H)ction of “Koji” the 
fungus forms a very tliie'k s(*um wiiie'h is 
Saito). inoiHt and iif the 8anu‘ time u small sedi- 

incntal growth. 

The optimum temperature for growth is 30“ C. The ycjist will 




Fig. 155-C. — Endomyces 
HordeL 

1, Budding Mycelium; 2, Abcs; 3, 
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V(‘|»;ctato, howov('r, Ix^tvvcH'n 15° and 40° C. It induces a fermentation 
in beer wort very slowly and gives off an ethereal odor. It acts en- 
ergetically on saecdnirose, maltose, dextrose, levulose, mannose, galac- 
tose', raffinose, dc^xtriiu', xylose and arabinose and feebly on rhamnose 
and a-mc't hylglucoside^. 

En(l(ymyce.s II or del resembles Endoniyces fihuliger very closely. It 
is also rc'latxHl to Endomyevs Lindneri. The formation of the asc by 
simpler budding, without any trace of sexuality, is responsible for this 
rt'semblance. 

ENDOMYCES CAPSULARIS. Guilliermond 
l^yti.: SACOUAROMYCKS CAPSULARIS. Schionning ^ 

This yeast was dc'sci-ibed in 1905 by Klockcr who isolated it from 
pasturi'land in the Swiss Alps. Guilliermond finally subjected it to 
careful study. 

Endomyevs capsidaris for the most part has cells in the mycelial 
and the yiiast- form at the same time. It vegetates at the bot- 
tom of the medium as a sediment or in the form of a scum. The 
myc('lium is especially well developed in the 
scums or on solid media. It is branched, 
with cross walls, and according to the in- 
vestigations of Guillicnanond, always has a 
single mudcuis. It is al)le to present dif- 
f('r('nt appc^arances. Some of the filaments 
remain sterile while others form by lateral 
and terminal liudding numerous yeast-like 
c(‘11b, Ranily there arc others which form 
small septa, dividing the thread into units 
which break off like oidia. 

Tlie yeast-like bodies develop especially 
in growths of sediment. They look like 
t rue' Saccharonrycos; their form is ellipsoidal 
or oval lik(^ Eaccharomyces Pastorianm or 
(Fig. 156 d). Many among them have a point at one or both ends. 
They never have but a single nucleus. Aside from the yeast-like struc- 
tures, one may find some elongated or walled cells which represent 
yeasts in the process of making up a mycelium. 

The optimum temperature for vegetation is situated between 
25 and 28° C. The maximum temperature is 38.5° C. and the mini- 
mum about 0.5° C. The ascs appear under the same conditions which 

^ Schiemning, H. Nouveau genre de la famille des Sacch. Comp. Rend, du 
lab. de Oarlsberg. Vol. 6, Book II, 1904. 



Fig. 156. — Endomyces capsvn 
laris. 

a, Filaments with Ascs; b, With 
Branching at Ends; c. Filaments 
with Ascs in Intercalary Cells; d, 
Yeasts; e, Germination of Asco- 
sporcs (after Schidnning). 

Saccharomyces ellipsoideus 
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determine the sporulation of yeast (plaster blocks, cultures in yeast 
water and slices of carrot). The optimum temperature for sporula- 
tion on plaster blocks is between 25° C. and 28° C., the maximum is 
34.5°-35° C. and the minimum 5-8° C. The ascs always form at the 
expense of units in the mycelium and never of the yeast-like struc- 
. . tures. Finally, they only appear in contact 

Cy C/ substrates and in scums. The 

^ threads separate into cells which 

^ become round and produce spherical or elon- 
gated forms similar to oidia. These cells 
I J develop either by constriction or transverse 

‘ ’ partition or by a process intermediate between 

Fig. 157. — Ascospores in these two processes. The cells thus formed 
End^myces capsulans (ac- swe]i up and show a granular contents very 
retractive, later changing gradually mto ascs 
(Fig. 58, 2 and 3, and Fig. 157, a). Often the ases are able to form 
from an intercalary cell in the mycelium which enlarges and becomes 
round (Fig. 157, b). The investigations of Guilliermond ^ indicate 
that the ascs possess a single nucleus like those of the Saccharomycetes. 
A karyogamy does not take place here as with Exoascus. The ascs 
almost constantly possess 4 ascospores. 

The ascospores are very resistant to acids. If the mycelium which 
has produced ascs is treated with a strong solution of sulfuric acid 
or other mineral acids, the mycelium and the 
ascs dissolve. On the other hand, the asco- 
spores resist and take on a beautiful red color. 

The ascospores of the Saccharomycetes are, 
on the other hand, strongly attacked by these 
acids and not colored a rose color. The as- 
cospores are ellipsoidal or oval (3.5 to 8 ju in 
diameter). They possess a double membrane, 
an exosporium and an endosporium. The Fig. 158. — Germination of 
exosporium is formed of two valves in which 
the adjacent edges cause a sort of projecting 

ring by means of which the ascospores resemble those of Willia 
Saturnus. This ring separates the ascospore into two unequal parts 
(Fig. 158). 

Reaching the adult stage, the ascospores absorb their wall quite 
rapidly, setting free the ascospores, but these more often remain united 
in groups of four. When the ascospore germinates, the exosporium 
cracks to form two unequal parts which remain xmited at the point 

^ Guilliermond, A. Recherches cytologiques et taxonomiques sur les Endomy- 
cetees. Rev. gen. Bot. 21, 1909. 
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for some time. Germination of the ascospores is accomplished either by 
the formation of a germinating? tube or by budding. The germinating 
tube l)ecomes the point of beginning of the mycelium. (Fig. 156 e, and 
158.) On beca* wort the ascospores germinate by budding, only the 
yeasUike vdh, which elongate without separating, show a tendency to 
form a mycc^lium, !)ut never a true mycelium. In yeast water and on 
slices of carrot, on the contrary, ascospores are never formed from 
budding but a filanumt forms walls, thus forming directly a mycelium. 

In cewtain unfavorable conditions for growth of this fungus, the 
ascos{K>n‘s may form a bud or a germinating tube which changes 
directly into an asc.^ 

BJndomyceH capsularif^ develops for the most part in artificial 
media. On b(H‘r wort at 25*" C,, after about one day, it forms on the 
surfac(j a dc^posit of yeast whi(th sets up the alcoholic fermentation. 
After two days, tluire are formed on the surface of the wort small 
floating patt^h(‘H of s(‘um made up of a typical mycelium. After a 
pr()long(ul r(‘pos(‘ th(‘, s<aim finally covern the whole surface; this scum 
is frecpumtly situat(Hl al)ov(^ great bubbles of froth which make it 
inuwcm. If th(^ culture is k^ft in quiet repose, the scum forms a 
thick (i<)V(*r on the surfacte, voiy uneven, <lry and white and slightly 
velv(ity, (composed of a mixtuni of yeast-like structures and mycelium. 

In y(‘aHt wat(‘r, this fungus forms on the surface of the medium 
at the (aid of two days whit(^ islands of scum composed of a mycelium 
in whic^h somci of iho myccilial threads form yeast bodies by con- 
striettion. After four days, the entire surface is covered with quite a 
thi(tk my<udium, slightly v(dvety in appearance. Vegetation is then 
formc^d of a tyjiical mycxdium well developed, in which the ends pro- 
ducic many Jiscs. On must gelatin, a dry velvety growth is produced 

^ According to Kl()cker and Domhrowski, the Saccharomycetcs arc distinguished 
from the KmlomyceUm by the fact that in the first the ascospores are able, under 
certain (conditions, to change directly into a new asc without preliminary multiplica- 
tion while in the second, the ascs only form after the formation of a mycelium. 
These authors think that this peculiarity makes a better differential characteristic 
between the Endomycetes and the Saccharomycetcs, According to Klocker, Eri- 
damyces capmdaris may be classed among the Saccharomycetcs because in this 
fungus the fiscjospores arc capable of producing ascs in their germination. On 
the contrary, Endomycea fibuliger may be classed among the Endomycetes be- 
cause the ascxispores never change into ascs. Klocker and Dombrowski have only 
observed these two endomyces and have not investigated whether the spores of 
other members might not change into ascs. Indeed, one ought not to attribute 
too much importance to the opinions of these two investigators, who base their 
statements on too hasty generalizations. What connects Endomyces capsularis to 
the Endomycetes is the high differentiation of its mycelium and the mode of forma- 
tion of its ascs always at the expense of-the mycelium. This fungus is, however, 
so closely related to Endomyces fibuliger that a separation is merely arbitrary. 
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with a grayish white color. The gelatin is not liquefied. On must 
agar, the growth is dry, much folded and velvety, assuming a choc?olatc 
color after a time. This fungus ferments maltose, dextrose, levuloso, 
and d-galactose, but does not act on 1-arabinose, raffinose, lactose 
and saccharose. It does not secrete invertase. 

Schionning has described this fungus as a Saccharomycete which 
he classes along with Saccharomycetes guttulatus in the genus Saccharo- 
myco'psis characterized ’ with its ascospores in a double membrane. 
On account of the high differentiation of its mycelium and the for- 
mation of ascospores almost always at the end of the filaments of th ' 
mycelium and never at the expense of yeast -like cells, we have been 
led on the contrary to class it with Endomyces fibuliger and put it 
into the genus Endomyces under the name of End. capsularis. It 
will be demonstrated in the following paragraph that this fungus is 
very closely related to Endomyces fibuliger. 


ENDOMYCES FIBULIGER. Lindner ^ 


Endomyces fibuliger was discovered in 1908 by Lindner on broad 
where it formed white spots resembling chalk and caused a trouble 
known as “chalky bread.” By the investigations of Lindner, Dom- 
browski^ and Guilliermond,^ this yeast is well known to-day. In 
cultures it has a typical mycelium with cross walls and 
branches in each unit of which there is a nucleus. The 
filaments of this mycelium at times form conidia, yeast- 
like structures and ascs. 

The conidia appear only in that part of the my- 
celium that is directly exposed to the air, that is, in 
the scum on the surface liquid media or in the upper 
reaches of the growth on solid media. They are formed 
in great abundance under these conditions and show a 
white powdery appearance. These conidia either form 
directly from the mycelium by budding, or form at the 
expanse of budding cells like the yeasts which are formed 
by branches in the mycelium. (Fig. 159.) They separate from the 
units which form them and leave a sort of sterigmata which remains 
attached to the latter cells. The conidia look like grape seeds which 
are provided with a thick membrane, a protoplasm filled with fat 



Fig. 159.— 
Formation of 
Conidia in 
Endomyces 
fibuliger. 


1 Lindner, P. Endomyces fibuliger n. sp. Wochensch. Brau. No. 24. 1908. 

2 Dombrowski, W. Sur FEnd. fibuliger. Comp. Rend. lab. de Carlsberg, 
Vol. 7, Book 4, 1909. 

3 Guilliermond, A. Recherches cytologiques et taxonomiques sur les En- 
domycetees. Rev. gen. Bot. 21, 1909; Remarques sur le develop. FEnd. fibuliger. 
Comp. Rend. Soc. Biol. 67, 1910. 
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:)bules and a single nucleus. The outer part of the membrane is 
,sily detached when the conidia separate from the cells which form 
em. The conidia have a tendency to reunite in small masses sur- 
unded by l)ul)bles of air. A sort of network, mucilaginous in 
laracter, is formed which is quite comparable to that formed by the 
lecharomycetes. This nc^twork is destroyed by heat. Possibly it 
institutcNs a means of preservation for the conidia. 

Tlu‘ conidia n(‘V(n* bud in the media in which they are formed, 
nly wlum transfc‘rr(Ml into a fresh medium is it that they bud either 
; y<‘ast-lik(‘ structure's or by sending out a germinating tube which 
•anclu's to form a mycelium, 
liey n‘pn*S('nt, them, forms 
[lich ar(^ comparable to the 
lilamydospores of other Undo- 
ycetvs. 

In parts of th(‘ myc'clium 
hi(’h arc' situated in scantily 
»rat(‘d locations, as in th(‘ sedi- 
(‘ut in a liciuid cultun' or deep 
)wn into a solid nu'dium, the 
yct'lium never produces conidia 
it, on th(' contrary, forms a 
rgc‘ mnnb(*r of yeast-«lik(^ struc- 

(Fig. 55.) Th('S(^ vary in their shapes and sizes. In certain 
(alia, they arc* smalk'r than conidia and resemble the Mycoderma. 
aiH'tinu's, tiny may be much largcir than the conidia and possess a 
mncl shape'. They contain but a single nucleus. These yeasts, after 
dug de'tache'd from the myea'liurn for a time, continue to bud in the 
('clium in whicli they arc formed and furnish new generations of the 
'asts. On fresh menlia, they elongate and furnish a mycelium or 
'rminatc into yenist-like structures. 

Oftem theu’C' may be sc'cn in parts of the mycelium that form these 
iKHlit'H, a sort of dissociation of filaments. The walls come 
'area- and the units which are thus formed separate into elongated 
‘11s wliich look like oidia. 

Lindnen* has noticed, in certain cases, the formation in the inter- 
ilary units of the filaments, of internal cells which, he ignores, but 
Inch seean to us to l)e conidia or yeast structures. 

Th(‘ ascs are formed under the same conditions as with the Sac- 
mromyce.H, They appear quickly if a piece of the mycelium, young 
id wc‘ll nourished, is |)laced in a covered dish containing a thin layen* of 
istillc'd waten* or on different solid media (slices of carrot) as well as in 
lost old eniltures. The most favorable temperature for sporulation 


Fig. 160 . 


— Germination of Asejospores in 
Eiidomyces Jibuliger. 
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is situated at about 20"" C. At this temperature the ascs appear 
in about 72 hours. Like the conidia, the ascs are always formed in the 
presence of air. They are able to appear in the same time and numer- 
ous filaments may be found which form both ascs and conidia. They 
form, as with Endomyces capsularis, at the ends of the filaments either 
by budding, or by partition, followed by a separation of terminal units 
which gives a chain of ascs. Sometimes they are formed by an inter- 
calary unit. 

The formation of these ascs is of special interest because of the 
anastomosis which takes place. In most cases the ascs are formed 
without anastomosis, as in the two preceding species of Endomyces, 
but in about half of the cases, the young bud destined to form an asc 
anastomoses with a cell situated in the vicinity by means of a sort of 
copulation canal. This phenomenon has been sufficiently described in 
a preceding chapter. Let us recall, however, that the middle wall 
that separates the asc from the cell with which it is anastomosing does 
not disappear but persists in the copulation canal. Sometimes this 
wall does disappear but even in this case there is produced no mix- 
ture of the contents of the two cells. (Figs. 56 and 57.) Also we 
should look on these anastomoses as traces of an ancestral reproduction 
analogous to that of Eremascus fertiKs, but having disappeared today. 

The ascs appear like large round or oval cells. They have but one 
nucleus and do not possess karyogamy. They contain numerous asco- 
spores which may vary from one to four, but usually four. The 
ascospores are hemispherical and they are surrounded by a projecting 
ring which makes them look like a hat. In this manner they are like 
the ascospores of Willia anomala and Endomyces decipiens. 

Germination of the ascospores has been recently studied by Dom- 
browski. The ascospores are provided with a double membrane, an 
exosporium and an endosporium. At the moment of germination, 
the ascospores take their usual form if in a young culture or become 
globular if in an old culture; the exosporium opens up at any place 
on the surface of the ascosporo. These germinate indifferently either 
to produce yeast-like bodies or to form a mycelium directly. (Fig. 160). 

The ascospores are incapable, as with Endomyces capsulatus, of 
yielding ascs directly. The ascs are only produced when the mycelium 
is well developed. Endomyces fibuliger develops quickly on most 
media. In beer wort, after three weeks, it shows a dry scum formed of 
mycelium, covered by numerous conidia which give it a farinaceous 
appearance; in the sediment, yeast-like cells are formed. In course 
of development, an agreeable aroma is given off with a feeble fer- 
mentation. 

In wort gelatin, it develops with a dry farinaceous spot and brings 
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out a li(|uefa(‘t ion ol tlio gelatin after a week. The vegetation 
made up oi a thi(‘k myeeliuni which gives numerous conidia. In 
)rt agar, tlu* (‘olonies an^ of a chocolate color. On carrot, this fungus 
velops abundant ly with a mycelium which in the beginning furnishes 
any (K)nidia; later after 18 days, there is an abundant production 
ascs. Thc‘ deep |)()rtions of the mycelium form many yeasts. 
Endomyce.s Jibuhger ha’uumts saccharose actively and less actively 
‘Xtros(‘, d-mannose and leviilose; it ferments feebly raffinose, lac- 
s(^ d-galactos(! and a-mcdhylglucosides. It has no action on maltose, 
xtrincs arabinose, xyloses, trehalose, rnelibioso, mannite and inuline. 
ndomyceH fibullger is, in gcuKu-al, closely related to Endomyces capsu- 
It rescunbles it by th(^ complexity of its mycelium, its yeast 
rueturc‘H and th(‘ mocki of formation of ascs and is distinguished only 
^ th(^ formation of conidia and the traces of an ancestral copulation 
lich it lum kept. 

ENDOMYCES JAVANENSIS. Klocker 

This siK‘(*ieB was dis(‘overed in 1909 by Klocker ^ in soil from Java. 
lu‘ vegetation is (tomposed in part of cells 
m yc^asts and in part of a mycelium with 
ills. The mycelium offers a slight tendency 
m'parait^ its units like oidia. However, it 
much Tuore rediuanl than in Endomyces 
pmdaris and Endomyces jilmliger (Fig. 
d). yeast cells (7 to 9 /x in length) 

Um l(K)k like kanons but some look like a 
Indk^; otliers are ellipsoidal, spherical, in 
fonn of a sausage or very much elon- 
Lt(HL In a geiu^ral manner, they resemble 
(‘ells of Saccharomyces (qnmlatus very 
uch. Th(^ temjKU’ature limits for growth 
'o: maximum 36^-38'^ (b, minimum, 5® to 
f i\ 

Hporulation is abundant in liquid and solid 
edia as well as on plaster Idocks. The 
m|K^rature limits for sporulation on plaster blocks are: maximum, 
t 36^ (b, minimum, 5° to 10° G. 

The as(js seem to form indifferently in the yeast cells or at the 
:fxmsc^ of some cell in the mycelium. They usually enclose a single 
empore, rarely two. The aseospores are ellipsoidal and have the 

^ Kkiekcr, A. I /Endomyces Javanensis, n. sp. Comp. Rend. Trav. du Lab. 
CarklxTg. 8, iiook 4, 1909. 



Fig. 161. — Endomyces Javor 
nensis. Mycelium with 
Oidia, Yeasts and Ascs. — 
A. Aseospores in Process 
of Germination (after 
Klocker) . 
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shape of a slightly flattened ball. They have but a single ineiubrane. 
This membrane is supplied with more or less distinct elevations. A 
projecting ring runs around the middle and makes the as(‘ospores look 
like those of Willia Saturmis. However, tliis ring may be so placed 
that the ascospores look like hats. Germination of tlu^ as(;ospores is 
accomplished by budding in the yeasts and by the formation of ger- 
mination tubes (Fig. 161, A). In old (‘iiltures in must, there is formed 
on the surface of the medium and along the walls a thick ring which 
may grow and entirely cover the surfa(‘e. The least jarring. of the 
flask causes this to fall to the bottom. Idu' giant (iolonies on gelatin 
have a viscous appearance. The surface is mu(‘h fokkul and the center 
slightly sunken by a slight liquefaction of the gc'Iatin. This species 
does not invert saccharose or ferment d(‘xtroso; it a(‘ts feebly on 
levulose. 

Endomyces javanensis constitutes a more immediate link between 
the Saccharomycetes and the Endimiycetcs than sonu^ of the other Endo- 
myces. The fact that the ascs form often from yc'ast (*(^lls unites it 
very much more to the Saccharormjeetes and accordingly it is advisabki 
to class it with this family. 


ENDOMYCES CRUZI. Mello and Paes ^ 

Mello and Paes found a yeast with oval cells (4-8 by 2-4 /x) in 
the lungs of a man of 45 years who had l)een asthmatic for 10 
years. This yeast grew well on glycerol and plain potato, Raulin's 
solution, Saboui’aud's gelatin, plain and glycerol bouillon and alkalin 
agar. On solid media the growth was a yc'llowish cnuimy whiter 
The growth was more abundant on alkalin nuHlia. This yc^ast fer- 
mented glucose, maltose, dextrose and saccharose. In cultures tlu^se 
authors observed both budding forms and mycndial (tcdls. The ascs 
contained from two to four spores. This fungus se(nned to ho closely 
related to Endomyces vuillemini, Landrieu, 1912. Th(^ latter fungus, 
however, prefers an acid medium and does not k'rnumt dextrose. 

1 Mello, F. de and Paes, A. Endomyces cru^si n. sp. agent (?) d’une endorny- 
cose bronchique simulant Pasthme. Arquivos de Iligiene e Patologla exdticas, 0 
(1918) 51-60. Bull Past. Inst. 17 (1919) 636. 
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Fig. 1(52. — Monilid Candida 
Young C'.(i11h in a Soum. 


MONILIA CANDIDA. Bonordeii i 
Hyn.: monilia bonordenh. Vuillcmiii ^ 

nuH H|XMn(\s was (l(‘S(‘riI)(‘(l by Hanscai/ and waa isolated from fresh 
dung and fruit juims in whi(‘h it forms a 
whitc‘ laytT. Whcm put into wort, there 
is alaindant growth of (’(‘lls having the 
2 ip|K*aran<*e ()f yc^asts and n^scanbling 
rlli psaidrus and (Trcnisiav, (Fig. 1()2.) 

A strong ah*oholic fiarnKUitation is s(d. up 
duriiig wliieh th(‘ surface of ih<^ lapiid is 
covens 1 by a tliick scum; tliis is mad(i 
U{) of onlinury (H‘ 11 s which elongate to make a mycelium. (Fig. 163 .) 
Ac(*ordiug to the inv(‘stigations of Hansen, this fungus forms 1.1 per 
ctml of alcohid by volumes during the time that HaccharomyceH cerevidae 
forms (> p(‘r emit. But whik^ SaccharomyceH cmwiswe stops at this 
p<‘r cent, Monilia Candida continues its action. After 0 months fer- 
mentation th(a‘(‘ is 5 pin* (‘cnt of alcohol by volume. 

This y(aiHt se(‘-retes invertase but it remains in 
the intcaaor of the jirotoplasm and never diffuses 
tlirough tlu^ memlirane. Fischer and Lindner have 
found that it is imp()ssil)le to (extract this enissyme. 
ldH‘y liavii, however, inverted saccharose with the 
dri(‘d fungus, (wen in the presence of antiseptic sub- 
starua^s. (kOls broken up with glass were also used. 
Monilia Candida inverts maltose and ferments the 
d<»xtrine (Ban). It easily withstands high tempera- 
tun^H. On acciount of this it may develop in solu- 
tions of sac(diarosc and beer wort at 40° C. 

Anderson has recently mentioned the frequent 
prc*sence of a yeast resembling Monilia Candida in 
human int(*stinal tract. Lindner and Knuth have also found 
Monilia Candida in (epizootic lymphangitis. 



Kg. 16.3. « — Mmilia 

Candida, Fiki- 
iruaitimH Forms in 
a Scum (jificr Hiui- 
W‘n). 


* Tlic* gtmiw Monilia, created l>y Peraoon, i« quite badly characterized. It 
includoH fi!am<*ntous fungi characterized by the formation of oval coiiidia, ellip- 
tical or in I'haiuK (conidial ycaists or oidial forms). 

* Vuilkunin, F. Difference fondam. entre le genre Monilia et les genres Scopu- 
lariopsi.M, Acmo8{K>rium et Catenularia. Bull. Soc. MyeoL de France, 27, 1911. 

^ Ilarmim, K. (k R(H;herches sur la physiologic et morphologic des alcoo- 
liqiK'H h*rment8. VII, Action des ferments alcooliques sur les diverses espdees de 
Hucn‘. D^vnres aknioliciues k cellules resemblant k des Saccharomycetes. C. 
li. Trav. du lab. de Carlsberg, 2, Book 5, 1888. 
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MONILIA NIGRA. Browne 

This Torula was isolated by Browne from raw sugar. One sample 
of such sugar, which had been sealed for three years, gave 1500 colonies 



Fig. 163-A. — Small Colonies of Monilia nigra in Various 
Stages of Growth (after Browne). 



Fig. 163-B. — Magnified Cells of Monilia Nigra, 

Below is the End of One of the Hyphae, Covered with Bud-Cdls, 
and Terminating in a Cluster of Dark Conidia. 


in 1 gram. This is one of the most destructive organisms found l)y 
this author in Cuban raw sugar. Browne descrilies the colonies on 
raw sugar agar as being, at first, small star-shaped dots which, under 
^ See reference for Torula commwm. 
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the microscope, consists of radial hyphae. “ The latter throw off a 
conglomerate of bud cells, the mass of which increasing in thickness 
soon gives the colony a starfish appearance. This primary growth 
is usually succeeded by a secondary growth, due to the propagation 



Fig. 163-C. — Magnified Colony of Monilia fusca. 

The Radiating Hyphae are covered with Bud-Cells and Dark Conidia (after Browne). 

of the bud cells, which, without the formation of hyphae, germinate 
li k e yeast and cover the center of the colony with a white amoeba- 
like film/^ When the colonies have attained a diameter of from 1 to 
15 mm., the hyphae break up into clusters of dark conidia which give 



Fig. 163-D. — Magnified Cells of Monilia fusca. 

In the middle is a branched part of the mycelium bearing 4 bud-cells; two of the 
latter (one germinating) are shown at the left. | At the right is the end of one of 
the hyphae, breaking up at the end into 3 conidia and in the middle into 2 
oidia (after Browne). 

the colony a black color. This gives it the name of Monilia nigra. 
If the colony stops growing before the conidia! stage is reached, no 
black color is assumed but the white remains. Under the microscope, 
the hyphae are of the ordinary branched type but more often are 
studded with clusters of bud-cells. These latter are elliptical in shape 
and may produce new hyphae, or propagate hke a yeast. When the 
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hypliae are mature, tliey l)rcak up at the ends into thick-walled 
conidia. The disintegration of the hyphae into thick-walled cells 
may also occur at other places than the end. This gives them th(^ 
appearance of oidia. The various cell units of this microdrganism 
contain many oil globules. This Monilia grows well in raw sugar 
solutions except those which arc most concentrated. The culture 
fluid becomes turbid with mycelium which, after several days, may 
extend up the sides of the tube. There is slight gas formation witli 
a fruity odor. The action on the raw sugar consists principally in 
the inversion of sucrose. This inverting ability is restrained by 
raising the concentration of the raw sugar. No further description 
of this organism is given by the author. 

MONDLIA FUSCA.i Browne 

The colonies of this Monilia are described by Browne as being simi- 
lar to those of Monilia nigra except that the hyphae are much longer, 
show a less pronounced tendency to form the yeast-like structures, and 
have a greenish brown color, instead of black, in the conidial stage. 
The Monilia grows in raw sugar solutions ex(*ept the most concen- 
trated. The media become turbid with a deposit of mycelium and 
cells. The walls of the container to a distaiu‘e of 2 cm. may be covered 
with a dark conidial growth. There is a slight formation of gas 
and a fruity odor. Monilia fmea possesses a st rongcu* inveit ing a,(‘tion 
than Monilia nigra. Browne regards th(ise Mtynilia as iho. most, 
destructive organisms found in raw sugar on account of tluar ability 
to adapt themselves to different conditions in their environment. 

GEIGER’S PSEIIDOMONILIA 2 

Under the name of Pseudonuynilidj Geiger has included a numlxa’ 
of yeasts which will be described at this time. 

Psendo7no7iilia albomarginata 

The cells of this yeast arc oval (4 to 6 /x) and have a protoplasm 
containing one or three refractive granules and a vacuole containing 
crystals. The mycelium is made up of long filaments. This yc^ast 
forms a folded scum. The giant colonies possess special forms ami do 
not liquefy gelatin. This species ferments dextrose slightly, also levu- 
lose and saccharose, and produces a slight increase in the acid content 
of solutions. 

^ See reference for Torula comnmnis. 

2 Geiger, A. Beitriige ziir Kenntniss dos SprosHpilze ohne Sporenbildung. (^ent. 
Bakt., Abt. 2, 1910, 11. 
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Pseudomonilia ruhescens 

The young cells are oval (3 to 5 in diameter) in the beginning 
with filamentous mycelium. The scums are quite thick with more 
or k\ss marked red color. The giant colonies possess a faint red 
(*olor. Tins yc^ast ferments dextrose in an active manner. It is very 
sensitive to the action of lactic or tartaric acid. 


Pseudomonilia mesenterica 

1110 ccdls are round (3 to 6 /x in diameter) and often elongated. 
Old ctdls (‘ontain numerous fat droplets. The scum is thick and 
strongly folded. The giant colonies grow rapidly and are abundant. 
This sjK‘cies ferments levulose. 

Pseudomonilia cartilaginosa 

Th(^ ('(dls are oval, from 5 to 6 ju in diameter, pointed at both 
<‘ndH and enclosing crystals in the vacuoles. They are intermingled in 
a filamentous mycelium with cross walls. The walls of the cells are 
mucilaginous, . The scum possesses a cartilaginous appearance. The 
giant colonies have a verrucose aspect and the gelatin is quite rapidly 
li(|uefi(Kl. This species ferments saccharose, but scarcely acts on 
dextrose and levulose. 

MONILIA VINI. Osterwalderi 

This yeast possesses a very active fermenting function and acts 
lik(‘ a lK)ttom yeast. It causes a more active fermentation than the 
otlH!r Monilia that are known. It does not stop developing in the 
presence of very large amounts of acid in the medium in which it is 
growing. It develops well in solutions with 4 per cent of alcohol, 
esiKHually in wine. It forms secondary products such as volatile and 
malic, acids. Mycoderma vini possesses a less active fermenting ability 
than ordinary wine yeasts. It has, however, a favorable influence on 
the wine but produces a secondary fermentation of sugar which has 
not IxKm transformed by other yeasts in the primary fermentation. 
It does not contribute a bad or disagreeable taste to the wine. 

It ferments dextrose and levulose especially, and saccharose, 
lactoBe and galactose less actively. Maltose is very feebly attacked. 
It seems to possess a soluble sucrase which distinguishes it from 
Monilia Candida. The giant colonies on gelatin exhibit borders with 
well-developed fringes. In liquid media the species vegetates at first 

» Osterwalder, A. Eiii neue Garungsmonilia, Monilia vini, n. ep. Cent. Bakt. 
Abt. II. 1912 . 
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in the form of a Rodimeni. and later pr()du(‘(\s floes in fhc^ li(|uid and a 
scum like that of a mold. The sediment consists of yc^asts about six 
microns in length. Th(‘ floes and seum are made up of a typical 
mycelium with numerous yeasts. 


PARENDOMYCES PULMONALIS. Plant 

This yeast was isolated by Mantner ^ from sputum of a little girl 
attacked by bronchitis. In the sputum it exists in tlu^ form of fila- 
ments and conidial yeasts. In cultures the fungus dcms not givc^ 
these yeast structures, except there is al)undant formation of mytadia. 
The fungus seems very closely related to Monilia Candida, Plant luis 
made a special genus related to Endornycetij th(^ gcmus ParendoniycfUH, 

Senez^ descaibed a fungus very much like EtuhmiycAiH alHcam whidi 
was isolated from the lungs of a patient believed to be sufTering from 
tuberculosis. White granules composed of fine filaments were ol)- 
served in the lesions. When these granules were incxmlated into 
media they developed into creamy white patchcis. ( Carbohydrate 
media and carrot slants seemed to be best adapted for growth. In 
liquid cultures there was abundant growth provid(al th(^ media were 
not acid in reaction. The organism was a. stri(jt acu’olx^. Both 
round and filamentous forms were reported. TIu^ round e('lls mul- 
tiplied by budding. The buds were abl(^ to bix'ak ofT and reunit(‘d 
end to end to form filaments. Ascs apjKianxl in old {*ul<ur<‘s on 
gelatin. They were large and oval in sliapc', and about 10 /x in 
diameter. Senez distinguished this fungus from Endomyers (dhicafis 
by the appearance of the lesions in f.lu^ lungs, its dislike^ for u(dd 
media, the ease of cultivation on alkalinci media, th(\ difT(‘ren(‘c* in 
appearance on solid media and its almost negative pathogcmicaty 
when demonstrated experimentally. 

1 Mantner, H. Parendoinyces pulmonalls. Plant eiue !)iHh(T ni(‘h( ]H‘.sc}iri(*h(‘ne 
Monilia-art. Cent. Bakt. Abt. I, 74 (1916), 203. 

^ Senez, A. El Endomyces pulmonalis. Hokbu d(d Lal>or. d(‘ Bacter. d<^ 
Tucuman (Rep. Argentina) 1 (1918), 58-80. Bull. Fast. Inst. 17 (1919), 636. 
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Counting cells in cultures, 157 
Cryptococcus, agregatus, 321 
anobii, 352 
Bainieri, 318 
Capillitii, 353 
Cavicola, 353 
Corsellii, 351 

de Gotti and Brazzola, 351 
degenerans, 345 
farciminosus, 348 
general characteristics, 196 
Gilchristi, 345 
glabratus, 320 
granulomatogenes, 350 
Guilliermondi, 355 
hominis, 348 
hominis costantini, 352 
Kleinii, 352 
Lesieuri, 356 
linguae-pilosae, 349 
lithogenes, 349 
neoformans, 354 
niger, 350 

of Clerc and Sartory, 354 
ovalis, 353 
ovoideus, 320 
parasitaris, 353 
Plimmeri, 351 
psoriaris, 353 
Rogeri, 356 
Ruber, 355 
sahnoneus, 357 
sulfureus, 356 
Tokishigei, 346 
verrucosus, 319 
Culture of yeasts, 147 
Cytological, changes during multiplica- 
tion, 47 
sporulation, 48 
Cytology of yeasts, 37 
Cytoplasm and its constituents, 38 

Daphnia, yeast from, 290 
Dauerhefe, 90 

Debaromyces, general characteristics, 
194 


Debaromyces globosus, characterization, 
221 

germination of ascospores, 33 
parthenogenetic ascs in, 26 
Debaromyces tyrocola, characterization, 
222 

copulation, 22 
Definition of yeasts, 1 
De Kruyff’s Torula, 302 
Dematium pullulans, 2 
fixation of nitrogen by, 73 
Demonstration of glycogen, 161 
Dermatitis, yeast from, 345 
yeasts, 353 

Detection of ascospores, 159 
Determination of power of multiplica- 
tion, 157 

Development of, yeast forms, 28 
yeasts, Slator’s method, 158 
Dextrins in yeast nutrition, 76 
Differences in fermenting function, 85 
Dilution method for separating yeasts, 
154 

Dimensions of yeast cells, 6 
Dinucleotides in yeasts, 56 
Dioxyacetone in alcoholic fermentation, 
93 

Direct germination of ascospores in ascs, 
35 

Disinfectants, action on yeasts, 111 
Distribution of yeasts by insects, 136 
Division of nucleus in yeasts, 49 
Division of yeast cells, 9 
Dombrowski’s, Mycoderma from milk, 
338 

Torula, 311 

Drop culture method, 157 
Duclaux’s, Torula, 307 
yeast, 336 
Durable, cells, 12 
yeast, 90 

Duration of life of yeasts, 107 

Effect of, adrenalin on yeasts, 73 
antiseptics on yeasts. 111 
dextrose on sporulation, 115 
disinfectants on yeasts. 111 
humidity on sporulation, 119 
light on sporulation, 119 
light on yeasts, 109 
metals on yeasts, 110 
moisture on yeasts, 109 
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Effect of, ozone on yeasts, 111 
pressure on yeasts, 111 
radioactive emanations on yeasts, 109 
ultra violet light on yeasts, 109 
Efficiency of bread yeast, 163 
Kidam idieese, yeast from, 307 
Kmulsin, 6.5 

I^ndomyces, characteristic's of genus, 361 
Albicans, characteristic's, 361 
capsularis, 3(57 
effect of pressure on. 111 
Endomyces Cruzi, 374 
Eiulomyc'.es javanensis, 373 
fibuliger, 370 
llordei, 366 
Lindneri, 366 
Endoaporos, 13 
I^lndotryptase, 59 
l^lnzyines for, carbohydrates, 61 
polyaacjcharidcs, 62 
of nucleo proteins, 60 
of yeasts, 58 
proteolytic, 59 

ICsters aa a sourcie of carbon, 70 
Ethylacetate as a source of ctarbon, 78 
Existence of glycogcm in yc^aat, 77 
Exoaacus, yeast forms of, 139 
Extent of alcoholic fermentation, 84 

Fat droplets in yeasts, 39 
Fate in yeiiste, 54 
h^atty acids in yeiist nutrit ion, 75 
Fennentability of, poIysacMdiaridc^s, 62 
trisaccharides, 62 
Fermentable sugars, 86 
Fermentation, as a phjise of respiration, 
101 

in moist chambers, 162 
of carbohydrates, methods for, 162 
valve, Alwoods, 164 
valve, Meissl’s, ltl4 
Figs, yejists from, 107 
Fixation of nitrogen by yeasts, 73 
Flemming’s solution, 161 
Flocculation of yeasts, 46 
Fly, yeast on, 281 
Formation of aaoospores, 13 
Formula of alcoholic fermentation, 88 
Frcudenrcich’s kephir yeast, 307 
Frohberg yeast, 

Fruits, yeast from, 107 
Furunculosis, use of yeasts in, 129 
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Gay-Lussac’s theory of alcoholic fer- 
mentation, 88 
General characteristics, 5 
of alcoholic fermentation, 81 
Germination of ascospores, 29 
Giant colonies, 174 
Ginger beer, yeasts from, 206 
Glanders, African, yeast in, 346 
Glucoside enzymes, 65 
Glycogen, 76 
demonstration of, 161 
purpose of, in yeasts, 76 
Glycogenase, 62 
Gorodkowa’s medium, 152 
Grapes, yeast on, 243 
Growth on solid media, 173 
Griiss’ theory of alcoholic fermentation, 
95 

Guanase, 60 

Habitat of yeasts, 106 
Hansenia apiculata, 273 
general characteristics, 195 
valbyensis, 275 
Hansen’s, flask, 165 
flask for culturing yeasts, 151 
media, 148 

method for detecting spores, 159 
Torula, 293 

Haydruck’s medium, 149 
Hemicellulose in yeast membrane, 45 
Hemocytometer, 157 
Hctcrogamic copulation, 21 
History of yeasts, 3 
Honey yeast, 212 
Ploye’s Torula, 306 
Humidity, effect on sporulation, 119 
Hydrocarbons in yeast nutrition, 75 
Hydrogen sulfid formation, 67 
Hydrogenase, 66 

Influence of air on sporulation, 117 
Insects, and distribution of yeasts, 136 
yeast from, 292 
Intestinal yeast, 230 
Intramolecular respiration, 84 
Inulase, 62 

Iron, test for by yeasts, 314 
Isolation of yeasts, 153 

JoHANNiSBERG ycast, I, TI, 243 
II, copulation of ascospores,. 24 
II, isogamic copulation, 23 



420 


INDEX OF SUBJECTS 


Karyokinesis, 50 

in Schizosaccharomyces octosporus, 198 
Kayser's yeast, 308 
Kefir, yeasts in, 125 
Kephir, yeast from, 307 
Klocker’s method for alcohol determina- 
tion, 163 

Koumys, yeast from, 267 
Kramer’s red Torula, 321 

Lactas^, 63 
in yeast juice, 94 

Lactic acid theory of alcoholic fermenta- 
tion, 95 

Lactomyces inflans caseigana, 310 
Larvae, yeast from, 202, 205 
Laurent’s medium, 149 
Lebedefi’s theory of alcoholic fermenta- 
tion, 97 
Leben, 126, 310 
yeast from, 337 
Le Dantec’s yeast, 357 
Lenhossek’s fixing fluid, 161 
Life cycles of yeasts, 145 
in nature, 134 
Light, 109 

effect on sporulation, 119 
Lindner and Meissner’s Torula, 299 
Lindner’s, adhesive culture, 159 
method for securing pure cultures, 157 
Lipase, 61 

Lipoids in yeasts, 55 
Lithium salts, effects on yeasts, 110 
Logos yeast, 241 
Longevity of yeasts, 107 
Lungs, yeast from, 350 
Lymphangitis, yeasts in, 346 

Macroscopic appearance on solid media, 
173 

Magnesium in yeast nutrition, 68 
Malt water, preparation, 150 
Maltase, 63 

Maltose, utilization of, 76 
Mayer’s culture medium, 148 
Mazun, yeast from, 311 
Medusomyces, general characteristics, 
196 

Medusomyces Gesevii, 343 
Meissl fermentation valve, 163 
Melibiase, 62 
Melizitase, 62 


Membrane of yeasts, 45 
Mercier’s yeast, 360 
Metachromatic granules, 39 
staining of, 161 
Metachromatin, 39, 40 
and sporulation, 42 
Metals, effect on yeasts, 110 
Methods of securing sporulation, 151 
a-methylglucase, 65 
Milk, yeast in, 307, 355 
Mineral elements in yeast nutrition, 68 
Mode of action of zymase, 94 
Moist chamber, 156, 158 
Moisture in yeast growth, 109 
Molasses, yeast from, 200 
Molds, alcoholic fermentation by, 84 
Monilia Candida, 375 
Monilia fusca, 378 
Monika nigra, 376 
Monilia vini, 379 

Monospora, general characteristics, 195 
Monospora cuspidata, 290 
germination of ascospores, 34 
Morphological variations, 178 
Mucilaginous substances in yeasts, 45 
Mucor mucedo, alcoholic fermentation 
by, 84 

Multiplication, changes during, 47 
Multiplication power of yeasts, 157 
My coderma, general characteristics, 196 
Mycelial formation in yeasts, 8 
Mycetoc 3 d;es, 128 
Mycetomes, 128 
Mycoderma, acidipani, 342 
cerevisiae, 331 
chavalieri, 339 
cucumerina, 334 
decolorans, 335 
duplex, 333 

of Fischer and Brebeck, 340 
gallica, 334 
Henneberg, 333 
lebenis, 337 
monosa, 341 
pineapple, from, 337 
rugosa, 341 
sp., 340 

Mycoderma, tannica, 342 
tenax, 333 
valida, 334 
vini, 331, 332 
Myrosinase, 66 
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Nadsonia, general characteristics, 194 
elongata, 223 
fulvescens, 222 
Nematospora, coryli, 290 
coryli, germination of ascospores in, 
34 

general characteristics, 196 
ly copers ici, 291 

Neuberg’s theory of alcoholic fermenta- 
tion, 98 s 

Nitrogen fixation by yeasts, 73 
Nitrogenous compounds, in yeasts, 55 
in yeast nutrition, 61) 

Noegeli’s medium, 149 
Nuclear fusion in yeasts, 49 
Nucleases, ()0 
Nucleic acid in yeast, 57 
Nucleus, staining of, 160 
of yeasts, 38 
Nutrition of yeasts, 68 
Nuts, yeast from, 290 

OuiGiNT of yeasts, 132 

Oxidizing enzymes, 66 

Oxygen, infiutmcc on sporulation, 117 

Oxymalic acid, fermentation of, 63 

Oxynitrilasc, 66 

Ozone, effect on yeast, 111 

Pakasaccharomyceb, Abhfordii, 364 
Thomasii, 365 
Parasitism in yeasts, 120 
Parcndomyces pulmonalis, 380 
Parthenogamy, 23 
Parthenogenesis, 25 
Pasteur flask, 147 
Pasteur medium, 148 
Pathenogenicity of yeasts, 120 
Pasteur's theory of fermentation, 99 
Pearse and Barker’s Torula, 302 
Peptones in yeast nutrition, 69 
Perenyi's solution, 161 
Periostitis, yeast from, 348 
Permanent variations, 179 
Phenylaminoacetic acid, fermentation of, 
70 

Philothion, 66 
Phylogeny of yeasts, 139 
Physiological, conditions of budding, 112 
conditions of sporulation, 114 
variations, 184 
Physiology of yeasts, 53 
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Pichia alcoholophila, 281 
californica, 278 
calliphora, 281 
farinosa, 279 

general characteristics of, 195 
hyalospora, 277 
mandshuricus, 282 
membranaefaciens, 276 
membranaefaciens, I and II, 277 
orientalia, 283 
polymorpha, 281 
radaisii, 279 
suavebleus, 280 
tamarindorum, 278 
tauricus, 278 

Pickle brine, yeast from, 305 
Picroformol solution, 160 
Pineapples, yeast from, 337 
Plate cultures, 173 
Polymorphism, 178 
Potassium in yeast nutrition, 68 
Preparation of, Buchner’s zymase, 90 
yeast juice, 58 
Preservation of yeasts, 164 
Pressure, effect on yeasts, 111 
Prevalence of alcoholic fermentation, 84 
Products of fermentation, 89 
Properties of Buchner’s zymase, 89 
Proteolytic enzymes, 59 
Prunase, 66 

Pseudomonilia, albomarginata, 378 
cartilaginosa, 379 
mesenterica, 379 
rubescens, 379 

Pseudosaccharomyces, africanus, 325 
antillarum, 327 
apiculatus, 323 
apiculatus parasiticus, 324 
austricus, 325 
cortici, 325 

general characteristics, 196 
Germanii, 326 
indicus, 327 
Jensenii, 326 
Lafari, 326 
Lindneri, 326 
Malaianus, 326 
Mulleri, 325 
of Will, 327 
santranzensis, 327 
Stevensi, 318 
Wmii, 326 . 
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Ptyelus lineatus, yeasts in, 127 
Pulque, yeast, 257 
yeast from, 282 

Pure cultures, Lindner’s method, 157 
Purpose of glycogen in yeasts, 76 
Pyroracemic acid, fermentation of, 64 

Radioactive emanations, effect on 
yeasts, 109 
Raffinase, 62 
Raulin’s medium, 149 
Red Torula No. 36, 315 
Reducing enzymes, 66 
Reduction of sulfur compounds by 
yeasts, 67 

Relation of, glycogen to fermentation, 
77, 78 

yeasts to oxygen concentration, 82 
Relationships of the yeasts, 139 
Rennin of yeast, 60 

Resistance of yeasts to sun and light, 135 
Respiration in yeasts, 80 
Retardation of sporulation, 116 
Retrogradation of copulation, 25 
Roger’s torula, 313 
R61e of chromatin, 42 
Rose’s Torula, 305 

Saaz, and Frohbeeg yeast, 233 
yeast, 233 

Saccharomyces, acidi lactici, 265 
anamensis, 268 
anginal, 270 
aquifolii, 246 
awamori, 302 

Bailii, ameboid forms in, 27 

batatae, 248 

bayanus, 246 

Behrensianus, 229 

Blanchardii, 271 ^ 

brassicae, 303 

carlsbergensis, 234 

cartilaginosus, 248 

cerevisiae, 231 

cerevisiae cells, 7 

cerevisiae, effect of pressure on, 111 
cerevisiae, germination of ascospores 
in, 29, 35, 52 
chevalieri, 262 
comesii, 230 
conglomeratus, 269 
conomeli limbati, 360 . 


Saccharomyces, coreanus, 255 
ellipsoideus, 241 
Etienne, 263 
exiguus, 254 
family of, 193 
flava lactis, 265 
fragilis, 264 
from Shiro-Koji, 251 
general characteristics, 195 
granulatus, 271 
guttulatus, 230 
guttulatus, asc formation, 34 
Hansenii, 269 
ilicis, 246 
intermedius, 238 
japonicus, 322 
Jorgensenii, 256 
keiskeana, 322 
lactis, and a, 266 
lactis, 7 , 226 
lebenis, 310 
lemonnieri, 273 
Lindnerii, 260 
Ludwigii, 227 

Ludwigii, abnormal germination of 
ascospores, 35 

Ludwigii, ascospore formation, 50 
Ludwigii, germination of ascospores 
■* ' in, 23, 24, 30, 31 
Ludwigii, mycelial formations in, 9 
Ludwigii, parthenogenetic variety, 28 
macropsidis lanionis, 325 
mali Duclauxi, 264 
mali risleri, 249 
mandshuricus, 253 
Mangini, 261 
marxianus, 252 
membranogenes, 357 
minor, 272 
monacensis, 235 
multisporus, 248 
mycoderma, 336 
mycoderma punctisporus, 283 
nokkoensis characterization, 204 
octosporus, copulation and asc forma- 
tion, 17 
olei, 313 
paradoxus, 260 
pastorianus, 237 
piriformis, 247 
rouxii, 256 
sak4, 247 
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Saccharomyces, spec, 301 
T and V of Rose, 252 
taette, 268 
theobromae, 269 
Tokyo, 250 
tumefaciens, 270 
turbidans, 244 
tyrocola, 307 
unisporus, 264 
u varum, 272 
validus, 240 
vini Muntzii, 243 
vordermannii, 247 
willianus, 245 
Ycddo, 257 
Zopfii, 254 
Saccharoinyi^odcs, general characteris- 
tics, 194 

Sa(;(iharomycopsis, general characteris- 
tics, 194 

Saito’s My coderma, 335 
Sak5, yeast from, 247 
Salt, yeast from, 270 
yeast in, 306 
Sarcoma, yeast from, 351 
Sauerkraut, yeast, 336 
Schizosaccharomyces, aphalarae calthae, 
characterization, 202 
asporus, characterization, 202 
chermetis abietis, characterization, 205 
formosensis, characterization, 203 
general characteristics, 193, 197 
mellacei, characterization, 200 
octosporus, abnormal germination of 
ascospores, 36 

octosporus, characterization, 197 
Pombe, characterization, 199 
Pombe, copulation and asc formation, 
18 

.Pombe, germination of ascospores, 35 
sautawensis, characterization, 204 
Schwanniomyces, general characteristics, 
194 

occidentalis, 224 

occidentalis, formation of ascs in, 26 
Schwanniomyces occidentalis, germina- 
tion of ascospores, 34 
Scum formation, 113 
temperature limits, 171 
Sexuality, 15, 170 
Shape, and dimensions, 167 
of yeast cells, 6 


Shapes of ascospores, 15 
“Shoju” yeast, 215 
Similarity of sporangia to ascs, 2 
Size of yeast cells, 6 
Slator^s method for studying yeasts, 15 
Soil, yeast, 281, 302 
yeast, from, 287, 288 
yeasts in, 135, 221 
Source of, carbon for yeasts, 75 
yeasts, 134 

Sources of oxygen, 80, 81““ 

“Soya” mash, "yeasts in, 330 
yeasts in, 209 
Spores, (ktcction of, 159 
Sporidia of Ustilaginales, 1 
Sporulation, 13 
cytological changes during, 48 
Gorodkowa’s mediuwt-for, 152 
methods of securing, 151 
physiological conditions, 114 
Sputum, yeast from, 355 
Stab cultures, 173 
Staining ascospgres,, 52 
Staining of nucleus, 160 
Streak cultures, 173 
Streptococcus, b, in Kefir, 124 
lebenis, 126 

Structure, of yeast nucleic acid, 57 
Sucrase, 63 

Sugar, enzymes for, 61 
raw, yeast in, 309 
yeasts from, 204 
Sulfur in yeast nutrition, 68 
Symbiosis, in yeasts, 124 
of yeast and bacterium,** 116 

Temperature, 108 

^ • a 

influence on sporulation, 117 
of ascospore fomiation, 237 
of scum formation, 238 
Test for vitamines, 130 
Thermal death points, 108, 168 
Thiocyanates as sources of carbon, su 
fur and nitrogen, 71 
Thrush, yeasts from, 361 
Tivy, yeast from, 279 k^.?cj;,v ^ ; 

Tomato, yeast on, 291 ^ 

Top yeast, 231 

transformation into bottom yeasta, 18 
Torula, amara, '311 
bogoriensis rul ra, 323 VS*; 
brettanomyces, 299 
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Torula, cinnabarina, 315 
colliculosa, 301 
general characteristics, 196 
communis, 309 
glutinis, 316 
of Hansen, 295 
Holmii, 304: 

Kephir, 307, 311 
lactis, 308 

of Lindner and Meissner, 299 
methods of characterization, 176 
mucilaginosa, 314 
nigra, 328 

novae carlsbergiae, 299 
of Pearse anc, Barker, 302 
pulcherrima, 314 
of Rose, 305 
rubefaciens, 323 
“Soya^^ mash, 330 
sp. 306 

thermantitonum, 304 
vaccine pulp, 304 
Will’s, 295 

Torulaspora, general characteristics, 194 
Delbriicki, 225 
Toxins in yeast, 67 

Transformations of bottom into top 
yeasts, 186 

Transportation of yeasts through air, 136 
Transverse division of yeasts, 10, 48 
Trehalase, 63 
True yeasts, 3 

Ultraviolet light and yeasts, 109 
Urea in yeast nutrition, 71 
Utilization of, maltose, 76 
of nitrates, 70 

Vaccine pulp, yeast from, 304 
Vacuole nucleare, 37 
Variations, morphological, 179 
physiological, 184 
Varieties of Willia anomala, 284 
Vitamines in yeasts, 129 

Wbhmer’s yeast, 305 
Will’s yeasts, 233 
Willia, anomala, 284, 287 
anomala, germination of ascospores, 33 
anomala, varieties of, 284, 285, 286 . 
belgica, 287 


Willia, general characteristics, 195 
Saturnus, 288 

Saturnus, germination of ascospores, 
33 

Saturnus, isogamic copulation, 33 
wichmanni, 287 
Warm stage, 158 
William’s test for vitamines, 130 
WiU’s Torula, 295 

Wohl’s theory of alcoholic fermentation, 
95 

Wortmann and Delbriick’s theory of fer- 
mentation, 100 

Yeast, from dough, 248 
Yeast F” of Rose, 27, 219 
Yeast forms, 132 
Yeast G, 220 

Yeast G of Pearse and Barker, 21 

Yeasts, historical, 131 

Yeasts in cancer, 121 

Yeast juice, preparation of, 58 

Yeast cells from other fungi, 1 

Yeast membrane, 45 

Yeast treatment of furunculosis, 129 

Zygosaccharomyces, Bailii, character- 
istics, 211 
Bailii cells, 211 
Barkerii, 206 
bisporus, 220 
chevalieri, 216 
general characteristics, 194 
japonicus, 207 
javanicus, 207 ^ 

lactis a, 210 
major, 215 
mandshuricus, 212 
mellis acidi, 212 
Nadsonii, 213 

Pastori, heterogamic copulation, 22 
prioranus, 206 

prioranus, copulation and asc forma- 
tion, 20 
salsus, 218 
soja, 258 
soya, 209 
Zygospore, 31 
Zymase, 89 
Zymine, 90 



